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1 - SUMVARY

This detailed geologic site characterization of the Weks
| sland salt donme in Louisiana was carried out by Acres Inter-
national Corporation (Acres) under contract 01-9182 with Sandia
Nati onal Laboratories (SNL). Acres was supported throughout
this study by Dr. Thomas Magorian, Consulting Geol ogist and
Geophysi cist, who was engaged under a separate contract wth
SNL. The Weeks Island dome includes the Departnent of Energy's
Weeks Island Strategic Petrol eum Reserve (SPR) crude oil
storage site.

The three principal areas covered by this study were:

- Stratigraphy and lithology of the sedinents adjacent to the
done;

- Structure within the sedinents adjacent to the done; and

- Geonetry and structure of the salt done.

Several geol ogic, geotechnical, and hydrol ogic studies have
been performed at the Weeks Island SPR site since 1977. The
majority of these studies were directed at certifying the m ned
facilities for oil storage and/or assessing potential geotechni-
cal hazards which could adversely affect oil wthdrawal and
cont ai nnent . The data generated fromthese previous studies
have, where appropriate, been incorporated into this report.

The stratigraphy overlying the salt at the Weks Island donme is
a series of Recent to Pleistocene sands and gravels with dis-
conti nuous |enses of clays and silts. The ground water regine
in these sedinments is a single aquifer whose piezonetric |evel
corresponds with sea level. The perneability of the soils over



the dome is generally high, on the order of 1.0 x 10-2
cm/sec. Gound water recharge is fromsurface water perco-

| ating downward through the perneable sands and gravels.
Salinity within the aquifer increases Wth depth becom ng very
nearly saturated approximately 12 feet above the salt done.

The stratigraphy around the dome has been defined on the basis
of data fromover 400 oil and gas wells drilled around the peri-
meter of the dome. A conputer program was devel oped for this
study which allowed for input of structure and stratigraphy
from the geophysical well logs. Fromthese data, a series of
structure, contour, and profile maps were generated on and
around the done. A total of three mgjor faults and one m nor
fault were mapped in the surroundi ng sedinents. These faults
all intersect the done and, for the nost part, are associ ated
with the upward enpl acenent of the dome with time. The |argest
fault intersects the NWand SE quadrants of the done. This
fault, which strikes approxi mately N45W, is part of a mmjor
Qul f Coast grow h fault which has been mapped throughout the
Five Island Salt Done Chain and may have been a contri buting
structure in the upward growth of the Weks Island done.

Weeks Island presented the unique opportunity to relate in-mne
geol ogi ¢ structures with those nmapped within the sedinents
around the dome. Although interpretative, there appears to be
direct correlation between two of the external faults and
sheared and disturbed zones mapped within the domne.

Top-of-salt elevation was defined fromnore than 100 bori ngs
that have been drilled over the top of the domne. This greatly
expanded data base allowed for a new interpretation of the salt
cont ours. However, over sone areas of the done, particulary in
the north and northeast, there is insufficient control to
accurately define top-of-salt.



It has been calculated that the upward growth of the done has
been approximately 0.1 in/year (2.5 nmyear). Of setting this
growm h is the apparent subsidence over the done resulting from
convergence of the various mne workings with tinmne. Prelim -
nary measurenents indicate that as nmuch as 0.8 feet of surface
subsi dence may have occurred over the SPR facilities since
1983. Further detailed subsidence nonitoring is planned for
i mpl ement ation in 1987- 88.

A detailed review and sunmary of previous studies relative to

salt conposition and nmine stability were perforned. [n sum
mary, the results of' Acres 1977 and 1979 reports confirned the
overall long-term stability and containnent of the SPR

facility.
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2 - | NTRODUCTI ON

2.1 - Scope and (bjective

Sandi a National Laboratories (SNL) is responsible for the geo-
technical program for the Departnent of Energy's Strategic

Petrol eum Reserve (SPR). The overall scope of the program
includes all of the geotechnical investigations necessary to
support the SPR program Site-specific efforts have been

directed in five areas:
(a) Site characterization

(b) Engineering design assistance and eval uation (including
numerical sinmulation nodels);

(c) Laboratory and bench scale testing of salt and other
materials fromthe SPR sites;

(d) Instrunentation devel opment and eval uation; and

(e) Monitoring and interpretation of field events.

This report has been prepared as a conprehensive geol ogica

site characterization programfor the Weks Island SPR site by
Acres under SNL contract Docunment 01-9182. Acres was assi sted
by Dr. Thomas Magorian, Consulting Ceol ogi st and Geophysi ci st
under separate contract to SNL.

The three principal areas covered by this report are:

(a) Stratigraphy and lithology of the sedinments adjacent to
t he done;
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(b) Structure within the sedinents adjacent to the dome; and

(c) Geonetry and structure of the salt done.

The objective of this study is to provide a thorough geol ogi cal
characterization and identify any structures which could ad-
versely affect mning or storage operations of the facility.
This characterization only addresses the geologic/geotechnical
aspects of the Weks Island facility and does not take into
account other technical or non-technical DCE activities such as
operations and surface facilities which could adversely inpact
the facility.

A nunber of previous reports have been prepared on the Weks
| sland facility during the course of the SPR program A sum
mary of those previous reports is presented in Section 2.3 of
this report. | nformation devel oped as part of those previous
studies that is relevant to the geol ogi c characterization of
Weeks Island has been utilized and reproduced as appropriate in
this report.

This report is presented in seven sections. The renai nder of
this section presents a summary of the previous studies on the
site; Section 3 provides a sunmmary of the historical activity
at the Weeks |sland done; Section 4 discusses the surface and
near-surface geology; Section 5 presents the stratigraphy and
structure in and around the done; and Section 6 contains a dis-
cussion on the mne stability and the geotechnical inpact of
the findings on the SPR Section 7 addresses the potenti al
i mpact of natural hazards on the SPR facilities.
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2.2 - Location and Arrangenent of the Weks Island SPR

The Weeks Island SPR site is located on the Qulf Coast south of
New | beria, Louisiana, and is one of the Five Island salt dones
in central Louisiana (Figure 2.1). The "island" rises sone 170
feet above the surrounding marsh and swanp (Figure 2.2). The
Weeks Island salt stock is approximately 2 mles in diameter at
a depth of 800 feet and the top of the salt ranges between
approxi mately 40 and 90 feet bel ow ground | evel

The arrangenent of the facilities within the done and the DCE
property boundaries are indicated in plan on Figure 2.3. De-
tails of the historical devel opnent of these facilities are
given in Section 3 of this report.

The SPR facility at Weks Island consists of two abandoned
Morton Salt Conpany m nes which have been converted to the stor-
age of oil. These nmines are conmonly referred to as the upper
and | ower mnes or the upper and | ower |evels. These m nes
were served by two shafts, a 9-foot dianeter Service Shaft and
an 18-foot diameter Production Shaft. Wen it was decided to
convert the two levels to oil storage, a new mine was devel oped
by Morton Thiokol, Inc. (Mrton) to the west of the old, upper
level mine to continue salt production. This mne is known as
t he Markel M ne. During the devel opnment of this mne, one
access drift encountered water inflows and was abandoned and
bul kheaded. This drift is now commonly referred to as the "wet
drift" (Figure 3.4). Qher drifts were successfully conpleted
to reach the site of the Markel M ne w thout encountering
further water inflow

Use of the two existing shafts continued while two new shafts
were sunk by Mrton. \Wen the upper and | ower mnes were con-
verted for sSpPR storage, the old Service Shaft was used as the
oil wthdrawal shaft, and enlarged just above the upper |evel
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for the manifold room Mning continued in the Markel M ne
until the new shafts were conpleted, Wwhen mining conmenced in a
m ne beneath the Markel Mne. This mne is currently in opera-
tion and is referred to as the New Morton M ne.

2.3 - Previous Geotechnical Wrk

(a) Acres American Incorporated 1977 and 1979 Studies

In 1977, Acres was contracted by @lf Interstate
Engi neering Conpany to:

| nvestigate and describe the geotechnical conditions at
the Weeks Island salt mne and thereby confirmits suit-
ability for crude oil storage over a period of 40 to 50
years;

- Determine any limtations on the operating nethods im
posed by these conditions.

- Estimate the work involved in converting the mne for
oi | storage;

- Determne the safe web thickness required between the
existing mne when filled with oil and any new m ning
operations below, and hence, determine the technica
feasibility of devel oping such a new mne; and

- Devel op schemes for the long-term nonitoring of the
existing mne and any new mne during operation of the
crude oi |l storage.
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Wrk carried out in the 1977 study to neet these objec-
tives included geol ogi cal mapping and inspection of the

mne, core drilling, in situ testing, laboratory testing
of sanples recovered fromthe mne, analysis of the struc-
ture of the mine, and associated office studies. As a

result of these studies, the follow ng conclusions were
presented in the final report [Acres (1977)1]:

- The existing salt mne was certified as suitable for
| ong-term storage of crude oil. Stability and
contai nment potential for both |levels of the mne and
both shafts were confirned.

- The salt nass, for all intents and purposes, was inperme-
abl e.

- A significant characteristic of the salt mnes are "bl ow
outs " which may occur at the time of blasting.

- The cause and nechani sm for bl owouts was unknown.

- Blowouts did not adversely affect the stability and con-
tai nment function of the mne.

- Weeks Island salt is inert to crude oil; long-term stor-
age of oil will not lead to any adverse reactivity.

- Neglecting the possibility of blowouts, a mninum web
t hi ckness of 300 feet should be provided to ensure the
safety of mining operations below the oil storage
facility.
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In 1979, additional work was undertaken by Acres at the
Weeks Island SPR facility under subcontract to Ral ph M
Parsons Conpany to satisfy various questions raised by the
Government Accounting Ofice review of the project
(Comptroller, 1978). This work was to:

- Performdrilling and testing in the upper |evel of the
mne on a scale simlar to that previously carried out
in the lower |evel.

- Drill and test at the highest practical level in the
bypass ventilation drift near the Service Shaft to fur-
ther investigate any variations in properties of the
salt with depth fromthe top of the done; in particular
the perneability of the salt mass to vapors.

- Make general assessment of the effect of all mning work
carried out since the 1977 studi es.

- Investigate the effectiveness of the bitunen seals in
the shaft lining and determ ne the |oading capacity of
the concrete |ining.

The conclusions of that study [Acres (1979)] were that:

- There is no significant variation in the salt character-
istics between the upper and |ower |evels.

- The long-term stability and oil containment of the upper
| evel is assured.



2-7

- The stability and contai nment of both |evels have not
been adversely affected by mning and tunneling within
t he done since 1977.

- The salt in the vicinity of the bul kheads isolating the
storage areas is sound with no evidence of any struc-
tural deficiencies or porous zones in the critica
ar eas.

- Perneability of the salt nass is so | ow that no | eakage
of hydrocarbon vapors or other gasses through the salt
I's anticipated.

- There is no apparent change in condition of the Service
Shaft since the 1977 inspection.

- There is potential for serious danage to the oil re-
covery equi pnent in the manifold room and Service Shaft
due to flooding fromthe mning operation or failure of
the Service Shaft.

(b) Sandia National Laboratories 1980 Study

As part of SNL’s geotechnical support, a site characteriza-
tion, summarizing previous DCE work, was perfornmed
(Sandia, 1980) which consisted of:

- Conpilation, evaluation and interpretation of the exist-
ing data pertinent to the geologic characterization of
the SPR site.
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- Characterization of surface and near-surface geol ogy and
hydrol ogy with respect to its inpact on SPR surface faci-
lities.

- Definition of the geonetry and geol ogy of the salt done.

- Assessnent of the possible effects of natural events,

- Assistance in the planning and devel opnent of a long-
termnonitoring plan to ensure the integrity of the

facility.

No additional field investigations were undertaken for
this study.

(c) Sandia National Laboratories 1985 Study

In 1984-85, SNL, in association with Acres, undertook a
study to qualitatively and quantitatively identify poten-
tial geotechnical risks, including water |eaks, to the
underground oil storage facilities at Weks Island and to
recommend remedial nethods to either minimze or elimnate
the risks (Sandia, 1985). As described in detail in
Section 3.1, water was encountered in the salt while
driving a drift to the new Markel Mne (Figure 3.4) in
1977-78. This was | ater seal ed and becane known as the
"wet drift",

Concern was raised as to the source of water which was
encountered and its potential inmpact on mning and SPR
facilities in the done. In addition to this concern

risks were also evaluated for the Production and Service
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Shafts, the Markel Mne and associated drifts, and the
vent and fill holes. Each area was addressed by:

- Assessing existing potential problens;

- Devel oping future scenari 0s;

- Evaluating inspection and nonitoring prograns to predict
probl ens;

- Estimating costs of alternatives; and

- Performing static risk assessnments for the failure
scenari os.

In addition to these activities, a dynamc risk assessment
of the "wet drift" was performed to eval uate the potential

risk it mght pose with tinme.

(d) Sandia National Laboratories 1986 Study

One of the risk scenarios developed as part of the
"Results of a Ceotechnical R sk Assessnent of the SPR
Facility at Weeks Island, Louisiana”, involved shaft |eak-
age which could lead to loss of the shafts and ultimately,

j eopardi ze the contai nnent of the crude oil (Sandia, 1985).

Because of the general |ack of data regarding the condi-
tions around the shafts, Acres was retained to undertake
addi tional geotechnical studies to define the stratigraphy
and ground water reginme in proximty to the shafts and
overlying the salt at the Weks I|sland done (Acres, 1986).

(e) Mscellaneous Investigations and Studies

Over the last 10 years, there have been a nunber of
special geologic and geotechnical investigations and
studi es undertaken relative to the Weks |sland storage
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site. Many of these are ongoing activities at the
tine of this report preparation and include:

Leak testing of the wet drift bul khead;

Service Shaft and Production Shaft investigation and
grout testing;

Bul kheads | eak detection;

Surface subsidence and m ne convergence neasurenents;
Water entry detection and neasurenent;

Subsi dence predictive nodelling; and

Mar kel M ne inspection reports.

An annotated bibliography for the Weks Island done is
given in Appendix A

2.4 - Approach to Study

The geol ogic characterization of the Weks Island done has been
based on data gathered from

Geophysical well logs from deep oil and gas wells drilled
around the dome (Tables C. 2 and C. 3);

Interpretations of drillers' logs for shallow borings drilled
to the top of the salt (Tables C. 4 and C. 5);

M ne and surface mapping; and

Revi ew of previous reports (Appendix A).

Many of these data were a result of the previous studies under-
taken by the DOE and/or Mdrton. The logs of wells |located on
and around the done were collected, catal oged, and indexed, and
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are presented in Appendix C.  Stratigraphic contacts and struc-
tures were identified fromthe various well logs and input into
a conputer data base (Appendix B). | nf ormati on obtai ned from
t hese sources was then used to define the boundaries of the
salt done; the stratigraphy and structure around the dome; and
the structure within the dome.

Boundaries of the salt dome were defined using infornmation from
approxi mately 100 borings which penetrated the salt, together

with limted proprietary surface seismc reflection data. In
addition, the nethods of sedinent convergence and salt-edge
tectonics were used to define the geonetry of the salt done.

These net hods are based on the assunption that the shape of the
dome can be determined fromthe properties of the surrounding
sedinents and their deformational characteristics. [t is well

known that the dip of shale and sand units adjacent to a dome
tend to deform upwards al ong the edge of the dome as a result

of the piercement intrusion of the salt stock through the
sedi nent s. By projecting the increasing dip of two or nore
stratigraphic contacts towards the salt, a point where the
stratigraphic unit intersects the salt can be plotted on a geo-

| ogic section. This geonetric relationship allows for a
relatively accurate prediction of the |ocation of the salt-
edge. Stratigraphy and structure maps around the done were
devel oped frominterpretation of the geophysical well |ogs.

To assist in the geologic interpretation, a set of conputer
prograns were devel oped as part of this study. The programns
utilize the available subsurface data to present cross sections
and structural maps. Specific details of the conputer prograns
are presented in Appendi x B.
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Structures within the dome were interpreted fromthe surround-
ing sedimentary structure, geophysical data, and information
avai l able from m ne and surface mapping.
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3 - H STORICAL ACTIVITIES

3.1 - Conventional Mning Activities

After discovery of salt at Weks Island in 1897, a 9-foot di a-
nmeter shaft was sunk in 1898-1902, now identified as the
Service Shaft, and salt production commenced at the 535-foot
l evel in 1902. The shaft was lined with cast iron segnents
bol ted together and an inner cenment nortar |ining was poured
against the cast iron. Asphalt seals were placed between the
top-of-salt and the bottom of the cement |iner to prevent water
| eakage behind the liner (Figures 3.1 and 3.3). The nortar was
covered with a further tinber (cedar) |ining which was renoved
in 1986. This conposite |ining extends approximtely 50 feet
into salt to a depth of 150 feet bel ow ground surface (Figure

3.1). In 1986/1987, a detailed investigation was carried out
by the DOE to accurately define the properties and conditions
of the Service Shaft. Results of that investigation are shown

on Figures 3.2 and 3.3, with coring details presented on Table
3. 1.

M ning continued in the 535-foot |evel, nowreferred to as the
upper level, until the md-1950s using the roomand pillar tech-
nique. The layout of this level, although highly irregular in
areas, is typically 100-foot square pillars with roons 50 feet
or more wide. The roons are approximtely 75 feet high (Acres,
1977). The upper level, which covers an area of about 100
acres, was abandoned in 1955 for econom c reasons related to
the excavation and haul age techni ques enployed at the tine.

In the mid-1950s, the Service Shaft was deepened, and a new
shaft (the Production Shaft) was sunk to a depth of 804 feet,

enabling a new mine to be devel oped at a depth of 735 feet
bel ow sea level. The new shaft was 18 feet in dianeter and was
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concrete lined 110 feet into salt to a total depth of 271 feet
bel ow ground surface. The lower level pillars were laid out
directly under the upper level pillars to provide increased
stability. Room and pillar dinensions were approxinately the
sane as the upper level (Acres, 1977). The | ower |evel con-
sisted of SO-70 foot rooms with 100-foot square pillars. Final
room height was on the order of 75 feet. The | ower | evel
covered an area of approximtely 195 acres.

In 1976, the Federal Energy Adm nistration (currently DOE)
acquired the Weks Island mne fromthe Mrton Salt Conpany
(Morton) for the SPR program The 1976 purchase agreenent
bet ween the DOE and Morton allowed Moirton to continue utilizing
the existing mne shafts, utilities, hoists, and ventilation
whi | e devel opi ng and working on the Markel Mne to the north-
west of the existing mne at an approxi mate depth of 530 feet
(see Figure 2.3).

During mne conversion activities, a drift known as the Markel
Incline was driven fromthe |ower |evel upwards at approxi-
mately a 12 percent slope to a high point at elevation -370
feet, and a series of high level drifts were excavated to
provi de access between the Production Shaft and Service Shaft

(Figure 3.4). In 1977, while advancing fromthe high |evel
drifts down to the Markel Mne area, a zone of wet salt was
encountered during routine drilling and blasting. M nor wat er

inflows occurred and excavation was stopped in late 1977. The
wat er | eakage increased to about 50 gallons per hour (gph) in
m d- Decenber 1977. Attenpts to seal off the seepage by grout-
ing operations perfornmed fromwthin the drift and fromthe
ground surface in January 1978 substantially reduced the | eak-
age. \Water analyses and dye tests indicated that the water was
meteoric in nature. Test borings by Mrton indicated a signifi-
cant zone of wet salt existed around the "wet drift". As a



3-3

result, it was decided to isolate the "wet drift" by the con-
struction of a 35-foot thick bul khead and to excavate new

access tunnels to the Markel |evel. The intent was that if
uncontrolled inflows were to occur, the bul khead could be
sealed and the drift allowed to fill with water wthout

affecting other areas of the mne or storage facilities. Two
alternate inclines (Figure 3.4) were subsequently excavated
around this drift to the Markel Mne w thout encountering any
maj or seepage.

In late 1978, the |eakage rate in the abandoned "wet drift"
suddenly increased to nearly 200 gph and further grouting opera-
tions were undertaken within and adjacent to the drift through
April 1979. Since that tine, renedial grouting has been rou-
tinely carried out in the "wet drift" whenever |eakage rates
significantly increased. A nonitoring program of |eakage into
the drift is being maintained.

The Markel M ne was mned by the roomand pillar method with 75
foot high, 90-100 foot room sizes. The Markel M ne was m ned
by Morton through 1981 until two new shafts had been sunk
(Shaft Nos. 3 and 4) and a new m ne devel oped at approxi mately
t he 1200-foot | evel in the northwest section of the done be-
neath the Markel Mne. Mning in this new Mrton Salt mne has
continued to present, with mning currently proceeding in a
northerly direction. Mning of the New Morton M ne has been by
t he conventional roomand pillar nethod. Al t hough sonewhat
varied, pillars are approximately 100 feet by 100 feet with a
maxi mum hei ght of 75 feet.

3.2 - Mne Conversion

As Morton continued the mning of the Markel M ne, the DCE
undertook the conversion of the Weks Island mne for oil stor-
age. This conversion included:
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- "High Level Drifts" devel opnment;

- Scaling and stabilizing roons and pillars in the mne;

- Construction of an oil sunp;

- Devel opnent of an in-mne drain systemto allow oil flow into
t he sunp;

- Drilling of drain holes between mne |evels;

- Construction of a manifold roomin the Service Shaft and
installation of punps and piping;

- Drilling and construction of two fill holes and a vent hole
from the surface;

- Construction of bulkheads in the Service and Production
Shafts, Markel Incline, two 6-foot dianeter raisebores, and
an 11-inch diameter utility hole; and

- Construction of associated surface facilities to include oi
distribution and control systens.

3.3 - Solution Mning

Two brine wells operated by Mrton are |ocated approximately
1500 feet northeast of the SPR mne (see Figures 2.3, 5.1 and
5.14). Al though very little history of these wells could be
found, records indicate that the wells were drilled in the late
1940s and have been produci ng approxi mately 65,000 tons of
evaporated salt per year since 1973. A sonar survey of brine
well No. 1 was perfornmed in 1986 (Mrton, 1986) indicating a
maxi mum cavern depth of 1520 feet and a radius of 75 feet.

Brine well No. 2 was sonar surveyed in 1978 (Mrton, 1978) and
showed a cavern depth of 960 feet and a maxi num radi us of 225
feet. Based on these surveys, the mnimm salt thickness be-
tween a solution cavern and the oil-filled area is about 1400
feet.



TABLE 3.1

SUMWARY OF CORE HOLES
DRILLED THROUGH SERVI CE SHAFT LI N NG

Approxi mate Concrete Dept h Cast Iron Asphal t Voi d
Core El evation Thi ckness To Salt Thi ck. Thi ckness Thickness
Nunber (ft-MSL) (£t) (ft) Found (f(ft) (ft) Remar ks
1 40.5 0.64 NA
2 40.0 0. 67 Y
3 39.0 0.62 NA
4 30.0 0.63 Y
5 20.0 0. 67 NA
6 20.5 0. 65 Y
7 20.0 0.69 NA
8 6.0 0.81 Y
9 6.0 0.78 Y
10 6.0 1.10 Y
11 -18.0 0.48 Y Vater drips
12 -30.5 0.84 Y 0. 125 Fl ow test port
13 -38.0 0.46 Y Vater flow
14 -38.0 0. 40 Y Water drips
15 -38.0 0.43 Y
16 -42.0 0.42 Y 0. 125
17 -46.0 1.00 Y
18 -47.0 0.79 Y Vater drips
19 -47.0 0. 60 NA Brine flow
20 -47.0 0.55 Y
21 -47.0 0. 88 Y Vater drips
22 -48.0 0.72 Y 0. 125 Fl ow test port
23 -48.5 0. 69 Y 0. 125 Pressurized water
24 -50.5 >4.25 N Dry concrete
25 -53.0 1.01 NA Vater drips

See Figure 3.2 for locations of cores.



SUMWARY OF CORE HOLES

TABLE 3.1

DRILLED THRQUGH SERVI CE SHAFT LI N NG

(Cont ' d)
Approxi mate Concrete Dept h Cast lron Asphal t Voi d

Core El evati on Thi ckness To Salt Thi ck. Thi ckness  Thi ckness

Number (£t-MSL) (ft) (ft) Found ( f t) (ft) (ft) Remar ks
26 -53.0 0. 45 1.83 Y 1.21 Water and s
27 -53.0 0.48 Y
28 -57.0 1.17 Y
29 -58.0 1.25 Y
30 -58.0 0.90 Y
31 -59.0 0.90 Y
32 -62.0 1.42 2.21 N 0.79 Asphalt and
33 -62.0 1.70 1.83 N 0.13 Asphalt and
34 -62.0 1.29 NA N Dry asphalt
35 -66.0 1.19 1.19 N
36 -66.0 1.19 1.19 N
37 -71.0 0.87 1.02 N 0.15 Water drips
38 -73.0 1.58 1.75 N 0.17 Asphalt and
39 -78.0 NA NA N No void to
40 -78.0 NA NA N No void to
41 -78.0 NA NA N No void to
42 -78.0 NA NA N No void to
43 -78.0 NA NA N No void to
44 -78.0 0. 83 NA N No void to
45 -81.0 0.46 NA N No void to
46 -82.0 1.00 NA N No void to
47 -83.0 3.00 NA N day & sand;
48 -88.0 1.69 NA N No void to
49 -91.0 0.83 NA N
50 -95.0 3.45 5.00 N 1.55

See Figure 3.2 for locations of cores

and

wat er

wat er

water (high pressure)
salt; drilled to 12 ft
salt; drilled to 12 ft
salt; drilled to 12 ft
salt; drilled to 12 ft
salt; drilled to 12 ft
salt; drilled to 12 ft
salt
salt

asphalt followed
salt
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4 - SURFACE AND NEAR-SURFACE GEOLOGY

4.1 - Introduction

The Weeks Island salt done lies within the Qulf Coast section
of the Coastal Plain physiographic province, which is locally
characterized by flat-lying Pleistocene to Recent unconsoli -
dated deltaic sedinents. The near-surface deltaic sedinents
are generally related to depositions which occurred as a result
of changes in runoff and sedinment supply in the M ssissipp

Basin during the glacial and interglacial periods follow ng the
[llinoian ice advance in nore northern latitudes, together wth
changes in sea |evel

Structurally, the area lies in the mddle of a geosynclinal
basi n. Sedi nent thickness in the vicinity of Weeks Island is
known to be in excess of 30,000 feet. The source bed for the
salt done is the Louann Salt of Jurassic age (approxi mately 180
mllion years ago) which is estinmated to lie at a depth of
30,000 to 37,000 feet below the ground surface. The upward
nmovenent of the Weeks I|sland salt mass may have begun during
the digocene period (26 mllion years ago), and still
continues at present, at a rate of approximately 0.1 inches
(2.5 m) per year (see Section 5.6). This upward novenent has
pushed the overlying sedinents upward and resulted in a
surficial expression as a roughly circular "island" or done
with a dianeter of approxinmately two mles and a maxi numrelief
of 170 feet. The "island", which is surrounded by swanps, is
| ocated in an area of generally low relief and poor drainage.

4.2 - Surface Topography

Surface topographic features on Weks Island are |argely the
result of differential subaerial erosion of the uppernost sand
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unit, the Alton sand (see Section 5.2). Areas of the island
where this sand unit is overlain by a clay cap have eroded nore
slowy than those where the sand is exposed, t hereby form ng
t opographic highs (Figure 2.2). For the nost part, these areas
are stabilized by vegetation, particularly the |ive oaks which
grow well in areas of clayey soil. These |ive oaks have
el aborate root systenms and tend to hold soil in place, while
the rapidly grow ng sweet bays and magnolias, which grow in
sandy areas, are easily ripped out by hurricanes, making these
areas nore subject to erosion.

The nost prom nent topographic feature on the island is a ridge
runni ng across the center of the island at an orientation of
approxi nately N10°E (Figure 2.2). This ridge, which is topped
by clay lenses, is comonly referred to as the "Devil's
Backbone" and forns the highest elevation (171 feet) on the
I sl and. East of the Devil's Backbone lies a linear trough
approxi mately 1500 feet wi de which contains Sandy Bottom Pond.
This trough, which parallels the Devil's Backbone, is bounded
by graben-type faults on the east and west. A further
di scussion of specific faults is provided in Section 5.5,

The surface of the western half of the island is conposed of a
series of steep-sided, clay-capped terraces dissected al ong
smal | faults described in Section 5 and shown on Figure 5.6.
Differential novenent and uplift within the underlying salt
mass has produced resultant differential upward novenent in
t hese overlying sedinments, formng these faults along which
erosi on has taken pl ace. Areas which are capped by the clay
and stabilized by thick vegetation have renmained as small
pl at eaus and knobs; whereas the underlying sand erodes rapidly,
formng steep valleys and gullies (Figure 2.2).
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4.3 - Stratigraphy

Stratigraphy of the near-surface sedinents in the vicinity of
the dome was devel oped by Acres (1986) and further refined wth
additional data obtained fromthe present analysis. The shal -
| ow stratigraphy overlying and inmediately adjacent to the done
is shown on the geophysical electric log in Figure 4.1.
Several representative cross sections across the done are
shown on Figures 4.2 through 4.5. A brief description of these
shal l ow units fol | ows.

Cary Sand and day and Wsconsin Sand (CS, CC,_ wr)l

The uppernost unit of the near-surface stratigraphic sequence
in the vicinity of the done is conposed of Cary Wsconsin age
clays, sands, and gravels. On the donme, this unit is only
found directly along the Devil's Backbone (Figure 2.2).

Two Creeks Cay (20

| mredi ately bel ow the Wsconsin sedinments and formng the upper
unit in the stratigraphic sequence overlying the done is the
Two Creeks Clay, which is also referred to as the Beaunont d ay
(Figures 4.1 through 4.5). This is a stiff, brown, silty clay
whi ch ranges in thickness up to approximately 40 feet. V\at er
contents within this clay are generally between 25 and 45 per-
cent. No perneability data are available for the Two Creeks
Clay, but it is likely that the perneability is very |low, on
the order of 10-6 cm/sec or |ess. The clay is discontinuous
over the done.

lsee Table 5.1 for summary of all stratigraphic units.
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Alton Sand and G avel (A)

The Alton (or Prairie) Sand forns a sequence of alternating
| ayers of rust-orange sandy gravel, and silty sand underlying
the clays, and ranges in thickness from90 to 240 feet (Figures
4.1 through 4.5 and 5.6). Silt or clay |lenses occur at various
depths within this stratum The | enses are generally thin and
di sconti nuous over the done. Where drilled, these sands and
gravel s appear to be nmediumto dense. Conposite grain size
distribution taken in a previous study is shown in Figure 4.6
(Acres, 1986).

Sanganon G ay (S)

Beneath the Alton are thin, discontinuous |enses of the inter-
gl acial black, marine clay known as the Sanganon day of
Il1linoian age (Figures 4.1 through 4.5). This clay is found
only locally on top and along the flanks of the salt done.

I1linoian Sands and Gravels (1)

Beneath the Sanganon Clay are the Illinoian sands and gravels
related in age to the Illinoian glacial period. These sands
and gravels are only found flanking the done (Figures 4.1
t hrough 4.3).

Peoria Cay (P)

Bel ow the Illinoian sands and gravels is a thick dark marine
clay of Peorian age. Its top is used as the npbst accurate
subsurface stratigraphic marker in the area (Figures 4.1 and
5.7).
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Kansan Sand (KA)

The Kansan sand, of Kansan age, is found beneath the Peoria

C ay and provides the shal |l owest hydrocarbon production in the
area (Figure 4.1).

Nebr askan Sand ( NE)

The | owest Pl ei stocene beds at Weks Island are sands and
gravel s of Nebraskan age which |ie uncomformably on top of the
Pliocene (Figure 4.1). These sands and gravel s thicken away
fromthe done with their thickest being to the northwest.

The general relationship of these various near-surface strati-
graphic units to the salt dome is shown on Figures 4.1 through
4.5. Detail soil properties of the sedinents over the donme are
found in Acres study (1986).

4.4 - CGeohydrol ogy

(a) Surface Water

The Weeks Island donme is surrounded by an area of extrene-
ly lowrelief which is essentially at sea |evel. This
surrounding area is conposed of heavily vegetated swanp,
crossed by bayous or drainage channels which lead to the
sea at Weeks Bay (Figure 2.2). Many of these bayous have
been deepened, extended and w dened to provide access to
drilling sites adjacent to and in the vicinity of the
Weeks |sland dore.

To the west of the done, following a northwest-southeast
course, is the Intracoastal Waterway, (Figure 2.2) which
cuts through an area of swanp separating the done area
from Weks Bay i medi ately to the west. Bayous in the
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vicinity of the done forma circular, roughly dendritic
drainage pattern, draining westward towards Weks Bay.
Bayous to the north and east of the dome (Weks Bayou and
War ehouse Bayou, Figure 2.2) generally drain in a counter-
cl ockwi se direction around the donme, while those to the

south drain in a clockw se direction. Flow wi thin the
bayous and the swanps is largely controlled by tidal
fluctuations. Salinity within the bayous and swanps

general ly decreases in an upstream or landward direction
(generally northeast).

The only natural freshwater pond is Sandy Bottom Pond in
the northeast quadrant of the island (Figure 2.2). Planta-
tion Lake and the ponds in the northwest quadrant of the
island were created by danm ng the shallow valleys which
drain toward the surroundi ng swanps. These freshwater
ponds are not underlain by inpernmeable clays and drai nage
of the ponds is downward through the pernmeabl e sands and
gravels into the ground water table. Their surface |levels
correspond with the ground water table which fluctuates
seasonally as a result of precipitation intensity.

A saltwater pond (Devil's Pond) is |ocated at the western
peri phery of the island within the swanps between the
Intracoastal Waterway and Weeks Island (Figure 2.2). This
pond is hydraulically connected to Weks Bay and its sur-
face elevation is subject to tidal fluctuations.

(b) Gound \Water

The ground water regine over the dome is a single aquifer.
The ground water table was defined by installation of four
pi ezoneters, which indicated that the water table was
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essentially at sea level (Figure 4.7) (Acres, 1986). Al
four of the piezonmeter tips were placed near the top-of-
salt. Therefore, the below sea |evel reading shown on
Figure 4.7 reflects the near-saturated (denser) condition
of the ground water in this area. This is confirnmed by
geophysi cal |ogs which show the salinity of the ground
wat er increasing with depth, reaching near-saturation at
approximately 12 feet above the top-of-salt (Figure 4.8).
No persistent excess hydrostatic head appears to exi st
over the dome, and there is no evidence of ground water
flows across the done. Perneability tests performed on
sanples of the units above the done indicate val ues of
approxi mately 10-6 cm/sec for the di scontinuous Sanganon
Clay lying imedi ately above the salt at the Service
Shaft; 3 x 10-4 cm/sec for the Alton sand; and 0.5 to 1.0
X 10-2 cm/sec for gravel layers within the Alton (Acres,
1986). The ground water flow through the sedinments will
be governed by the nost perneable nmenbers; in this case,
t he sands and gravels.

The ground water regine appears to be the result of infil-
tration of precipitation downwards through the perneable
menbers of the strata and then radially off the done
toward the surroundi ng bayous, |Intracoastal Waterway and
Weeks Bay (Figure 2.2). Salinity increases gradually from
the island to the adjacent bay.

In the event that the ground water table above the salt
were |lowered for any reason (for exanple, by |eakage
through the salt into the underground workings or by punp-
ing out the aquifer above the done), then water would flow
i nward fromthe surroundi ng wat er ways. Such water woul d
not be saturated and the rate of solutioning of the done
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woul d i ncrease. The nunber and capacity of the high
perneability gravel zones above and around the donme are
such that high inflow and recharge rates would be
achi eved.

Significant characteristics of the ground water regine
were sunmarized in Acres (1986) and include:

- The ground water regine over the done is a single,
conti nuous aquifer.

- The discontinuous nature and |ow perneability of the few
silt and clay lenses do not provide a ground water
barrier above the dome.

- Gound water flows above the dome occur predom nantly
t hrough the gravels.

- During dry periods, the elevation of the ground water
table is controlled by the surrounding sea |evel
allowing for density differences due to salinity.

- Precipitation on the island is the normal source of
recharge for the aquifer.

- Gound water recharge would flow inward from the
surroundi ng sea water channels in the event the water
tabl e above the salt were artificially drawn down.

- Aquifer salinity increases with depth and becones fully
saturated approxinmately 12 feet above the salt.
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5 - STRATI GRAPHY AND STRUCTURE |N AND AROUND THE DQOVE

5.1 - Introduction

As described in Section 2.4, data available from previous
studies and investigations at and around the done were used to
determ ne the geol ogi ¢ and geotechnical characteristics of the
salt stock and adjacent sedinents. Data from borings above and
around the dome (Figures 5.1 through 5.4 and Appendix C) were
interpreted with respect to geology, structure and strati-
graphy, and processed in the conputer prograns described in
Appendi x B. These prograns were used to assist in the prepara-
tion of cross sections and contour maps at various |ocations
and orientations to the salt done. These were then used,
together with conventional geologic interpretation techniques
and other available data, to develop the geol ogic characteriza-
tion of the salt dome and sedinents immedi ately adjacent to it.

Presented in this section are the results of this interpreta-
tion with respect to stratigraphy, structure around the done,
done geonetry, done structure, novenment of the dome and salt

properties.

5.2 - Stratigraphy

The stratigraphy of the Pleistocene, Pliocene and M ocene sedi-
nments surrounding the Weks Island salt dome is sunmarized in
Table 5. 1. Stratigraphy of the near-surface sedinents of
Recent and Pl ei stocene age is shown on Figures 4.1 through 4.5
and described in Section 4.2. Surrounding the salt stock and
| ying beneath the Pl ei stocene sedinments are beds of Pliocene
and M ocene age.
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Wll |log data obtained fromoil and gas drilling around the
dome was used to define the stratigraphy adjacent to the done.
Details of the wells and summaries of log interpretation of
stratigraphic horizons are given in Appendix C. The character-
istic log response was used in defining the stratigraphic and
bi ostratigraphic zones. VWl ls fromwhich data were used in
this study (see Appendix C and Figures 5.1 through 5.4) only
penetrated the Recent to M ocene age sedinents; the older Qigo-
cene deposits have never been reached at Weks Island.

The Pliocene and M ocene sedinents in the vicinity of Weks
| sl and were deposited in a shallow marine deltaic environnent

simlar to that of the present day M ssissippi delta area. A
general stratigraphic colum for the Pliocene and M ocene sedi-

nments is shown in Figure 5.5 and Table 5.1. Sands, silts, and
clays were the najor sedinents deposited in this delta. Basi -

cally, the alluvial (river) sands were built out by the river

over unstable marine clays as point bars in neander bends and
deltaic deposits at the river nmouth. These deposits formed a
"sandpile" made up of stacked point-bars deposited together
with thin alluvial silts. The base of the "sandpile" is nmade
up of discrete marine sands deposited as delta-nouth bars and
delta-front sand sheets over the marine nuds of the continental

sl ope. In addition to the conplex stratigraphy and initial

structure of the active-depositional delta edge sands, a few
t hi nner sands were deposited on and at the base of the slope by
turbidity currents (map unit SD and deeper beds on the north,

map unit AB on the sout hwest: these units are described
bel ow) .

As a result of this depositional environment, many of the Plio-
cene sedinents in the Weks Island area are non-narine in
origin, and cannot be distingui shed using m cropal eont ol ogy.
Therefore, the typical stratigraphic sequence of the Pliocene
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sedinents is not as well known as that of the M ocene marine
sedinents in the area. Mst of the narine stratigraphy of the
M ocene sedinents have been identified by their distinct
m cropal eontol ogic foramniferal fauna. This stratigraphic
sequence, which has been wel | -established by the extensive oi
and gas exploration undertaken throughout the region, is one of
the best known sequences in the world. Therefore, correlating
the biostratigraphic units with electric |logs provides an excel -
| ent understanding of the structure and stratigraphy around the
dorre. Descriptions of the map units identified in Table 5.1
and Figure 5.5 are presented bel ow.

Units TP and MP: These units unconformably underlie the
Pl ei stocene sedinents and represent the top and mddle of the
Pl i ocene. They are conposed of alluvial silts, clays, and
sands deposited as point bars inside river neanders. The TP
unit represents the alluvial clays and thin sand units, where-

as the MP unit represents the coarser alluvial sands and gravel

fraction of the upper Pliocene. These point bar deposits show
poor well-to-well correlation, although the uppernost point bar
deposit within this unit is present in over one half of the
well's and reaches a thickness of 100 feet. Oher deposits wth-
inthis unit reach thicknesses of approximtely 50 feet. Over-
all, the unit generally varies between 300 - 600 feet. These
deposits are generally double point bars with gravels at the
base. This unit is thickest in the east-west trending rimsyn-
cline under the overhang on the north edge of the done. The
unit lies unconformably on top of the M ocene.

Unit MQ  The uppernost unit of the Mocene is mapped as the
MO  The top of this unit represents the top of the M ocene.
This unit is characterized by sands deposited as point bars in
river meanders.
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Units L and 2L: This unit is the top of the section which is
correlative with the Textularia L (L). Unit L is conposed of
al luvial point bar sands; however, w thout faunal evidence, it
is extrenely difficult to correlate this unit within the strati-
graphy around \Weeks |sl and. Wthin Unit L are shallow pre-
glacial marine clays deposited in bays and of fshore areas
referred to as 2L. The source of the sedinent is believed to
have been fine mud fromthe M ssissippi R ver transported by
wi nd-driven marine currents. The unit is the shallowest marine
clay at the site and serves as an excellent marker bed, contain-
i ng abundant Textularia foramniferal fauna used in well corre-
| ation.

Unit 2: Unit 2 is a thick sequence of regional narine clays
and sands characterized by the Bigenerina 2 fauna. Thi s unit
is the |l owernost of the stacked point bar deposits or "sand-
pile" and represents what is often called the narine "breakout"

zone where sand beconmes separated by marine clays. The unit
i ncl udes an upper point bar deposit from 200 to 500 feet thick
and a lower transitional sand sequence or beach deposit. The

unit represents the transition fromalluvial to marine shore-
line deposits.

Unit W A thick unit of marine sands underlies the point bar
deposits described above, is characterized by the Textularia W
fauna, and commonly referred to as Text. W These sands are
generally fine to very fine-grained and were deposited as
shore-parallel beach and offshore bars. They correlate well
across the site area and vary from 300 feet to nearly 1000 feet.
The sand is often mneralized with iron carbonate in steeply
di ppi ng areas adjacent to the done with voids filled with salt
as a result of concentrated downward percolation of brine.

Unit BH: Unit BH, or Bigenerina humblei, is a sequence of

clays and sands where the clay nmenbers are thicker than the
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sand. The clay may reach a thickness of 300 feet while the
sand varies fromthin stringers to 200 feet thick. The
sequence of clays and sands fornms oil traps in sand |ayers
seal ed against faults.

Unit C: Deep water deltaic silts and clays characterized by
upward crossing foreset beds have been mapped as unit C or
Cristellaria I. Shal e interbeds increase toward the base of

this unit. C is the |owernost deltaic deposit in the strati-
graphi ¢ sequence at Weks Isl and.

Unit B5: The Boliviana 5 unit is a distinct sand which is
approximately 30 to 150 feet thick. It is a marine delta type
of sand deposit found between the massive CI and CO sands.

Unit GO A unit of sand 500 feet or nore thick below unit C
has been designated CO and is characterized by the fauna Cibi-
cides opi na. These sands were deposited as delta-nouth and
of fshore bars; however, the typical structure of such deposits
i's sonewhat obscured in this unit. Slumping and faulting of
t he sedi ments occurred shortly after deposition, obscuring the
structure and neking correlation on well logs difficult.

Unit AB: Anphistegina B or Unit AB is conposed of marine clays
contai ning abundant vol canic ash originating far to the west of
the site in the areas of west Texas, New Mexico, and Arizona.
The top of the unit is indicated by a thin |ayer of sand
deposited as an offshore bar.

Unit R43: Below unit AB lies a strata of sand up to 1000 feet
t hi ck. This unit is generally used to define the uppernost
unit of the lower Mocene and is conposed of marine sands wth
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depositional structure associated with regressive (receding)
seas. The basal 200 feet of this unit contains fine clay
i nt erbeds.

Unit OP: This unit consists of narine clays and shal es contai n-
ing | arge anounts of cal cium carbonate (cacoz). The [ower por-
tion of this unit contains sands deposited as offshore bars.
It is characterized by the Operculinoides fauna.

Unit CIl: A unit of marine sands conposed of two menbers, each
approxi mately 200-300 feet thick, underlies unit OP. The sands
are relatively well sorted, clean with no clay interbeds. Unit
Cl is characterized by the Cristellaria Il fauna.

Unit CA G bicides A, or Unit CA is conposed of individua
cl ean sand layers up to 30 feet thick. Their depositional
structure represents narine offshore bar deposits.

Unit MA' This unit is made up of fine sands show ng deposition-
al structure of deep water foreset delta beds. | ndi vi dua

| enses are 10 feet or less thick and the overall deposit is

nearly 400 feet thick. The biostratigraphic zone of this unit
is that of Marginulina ascensionis.

Unit SD. Sands which were deposited into the Anahuac clay by
turbidity currents are designated Unit SD for the fauna Siph-
oni na davisi. These sands are intermxed with the clays in
thick | enses which contain relatively fresh or brackish water
(10-12% salinity) which nakes the unit easily identifiable on
t he geophysical resistivity |ogs.

Unit PP This unit of turbidite sands below Unit SD is com

posed of lenses 10 to 30 feet thick formng a total thickness
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of approximtely 500 feet thick. The unit is simlar to Unit
SD and is characterized by the fauna Planulina pal nerae.

Unit LB: The deepest unit encountered in drilling in the Weks

Island area is Unit LB marked by the fauna Liebusella. This
unit represents the bottomof the M ocene sequence of deposits
in the area. It is simlar in conposition and depositional

environnent to Units SD and PP

Unit Pr: A diapiric shale sheath is found at the Weks Isl and
donme on the southwest side where it is present at a depth of
approximately 8000 feet. On the north side, there is some indi-
cation of the shale sheath under the salt overhang where deeper
beds have been deforned upwards along the salt stock. Wer e
present, this sheath forns an excellent inpervious barrier to
the salt stock.

5.3 - Structure Around the Done

Weeks Island is the central island of the Five Island Chain of
salt domes in Louisiana (Figure 2.1). This chain of salt dones
follows a large NWSE trending growmh fault along which the
deeply buried bedded salt has mgrated in an upward direction

The salt has risen through the thick accunul ati on of sedinments
described in the previous section. Gowh faults, which are
common in the Qulf Coast sedinments, are caused by the differen-
tial subsidence of the Qulf Coast geosyncline. They are faults
whi ch form cont enporaneously and continuously with deposition,
thereby the offset or throw of the fault increases with depth
and the strata on the down-throw side are thicker than the cor-
relation strata of the upstream side.

Salt responds plastically under high tenperature and pressure
condi tions. When the specific gravity of the materials
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surrounding the salt exceeds that of salt, the salt becones
"buoyant" and starts an upward mgration through the overlying
material. In this area of the Qulf Coast, such upward novenent
commences at a depth of between 8,000 and 12,000 feet. As wth
all types of piercement structures, the dome nust displace the
overlying sediments as they are intruded, dragging the adjacent
sedi nents upward al ong the edge of the done. As uplift pro-
ceeds, sedinents deposited over the top of the dome nust be
ei ther pushed aside or eroded away. I n sone instances, the
nore massive sands are often broken by the intrusion of the
salt thereby showing little upward flexure near the edge of the
dome. In other cases, however, a layer of sand or shale may be
defl ected fromnnear horizontal to an angle of up to 60 degrees
by the upward novenent of the salt.

On a done |ike Weeks Island, as each layer of sedinent is
deposited over the done, the upward novenent of the salt
stretches it to the point of failure, essentially pulling the
| ayer apart in a series of normal faults. The nmechanical fail-
ure of the sedinents surrounding the donme causes faults to
develop radially fromand tangentially to the donme in a series
of "horst-graben" Structures.

Once a fault has forned, it continues to grow as additional
sedinmentary |ayers are deposited and the done continues to
rise; therefore the fault offset decreases upward al ong the
fault planes. Although the displacenent of sone of these dome-
related faults is on the order of hundreds of feet at the dome
edge, displacenment decreases and faults die out rapidly away
fromthe done, generally within [ess than a nile. The faults
are observed to flatten in the deep nuds froma dip of 60
degrees in dry sand to 35 degrees in the litho-pressured clays.
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Four major faults have been identified in association with the
grow h of the Weks Island dome. These have been designated F1
through F4 and are discussed later in this section. The di ps
of these fault planes are principally controlled by the lithol-
ogy, Wth the nore consolidated sedinments rupturing at a higher
fault angle than the |ess consolidated naterials.

Details of the relationships of the faults and strata to the
salt intrusion are indicated in detail on the structure maps of
the various units, Figures 5.6 through 5.12, and in the cross
sections through the dome, Figures 5.14 through 5.21. The |oca-
tions of the cross sections are shown on Figure 5.13. The
apparent irregularities in the dip of the faults on several of
the cross sections is due to projection of well data onto a
line of section off-parallel to the fault plane.

Structure maps have been prepared for the top of the:

- Alton Sand and G avel )

Peorian Cay (P);

Pliocene (TP);

M ocene (MO);

- Clay marker within Textularia L (2L);
Bi generina 2 (2); and

Textularia W (W.

These maps are presented on Figures 5.6 through 5.12 and are
di scussed bel ow. Ref erence should be made to Figure 5.1 and
Table C. 3 for the specific well locations and stratigraphic
depths. These stratigraphic horizons have been napped because
of their continuity throughout the area and their distinct iden-
tification on the electric well 1ogs. These maps have been
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prepared to assist in defining the salt done geonetry and struc-
tures within the sedinments around the dome. By relating these
structures to known and potential anomalies within the done,
better understanding of salt done tectonics and future planning
of done activities are possible.

Alton (A): The Alton structure map is nade on the shall owest
(youngest) continuous nappabl e horizon over the top of the done
(Figure 5.6). The Alton is cut by all four of the identified
faults (F1 through F4). The contours of the top of the Alton
clearly show the snooth parabolic domng of the salt stock.

Peorian Clay (P): The Peorian clay mapped horizon corresponds
with the deep mine levels (Figure 5.7). As noted fromthe nap,
uplift of the Peorian clay to the edge of the salt is up to 400
feet. Three nmajor faults have been mapped as intersecting this
hori zon (F1, F2, and F3). However, due to the relatively
shal | ow depths of these faults, offsets are generally less than
SO 100 feet.

Pliocene (TP): The structure map of the top of the Pliocene
(Figure 5.8) illustrates the full size of the Weeks Island salt
dome. The mapped horizon ranges from a depth of nore than 2800
feet in the rimsyncline to the north of the done to 2500 feet
along the western edge of the salt. Faults F1, F2, and F3 al so
intersect this horizon with offsets ranging up to 150 feet
across F3. Fault F3 projects beneath the salt donme overhang on
the north side of the dore.

Mocene (MQ: The shape of the done at this horizon (Figure
5.9) is sinilar to that mapped for the Pliocene. There is over
700 feet of upward drag of the Mocene along the salt edge.
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The rim syncline is clearly shown north of the done. Faul t
of fsets have increased with depth, reaching several hundred
feet across Fault F1.

Cay Marker within Textularia L (2L): The structure nmap on top
of the marine clays of the Textularia L clearly show the plas-
tic behavior of this unit which exhibits nore than 1500 feet of
uplift along the salt edge (Figure 5.10). This unit appears
nmore faulted due to the decreased conpetence of the clay. Fault
of fsets across sone of the mgjor structures (F1 and F2) exceed
1000 feet.

Bigenerina 2 (2): The Bigenerina 2 structure map (Figure 5.11)
provides simlarities with the overlying Textularia L structure.
Sediment uplift along the edge of the dome exceeds 2000 feet.

Textularia W The Textularia Wunit (Figure 5.12) is the thick-
est sand in the entire section and is isolated by thick marine
shales. Mneralization of this unit is evident along the north-
west quadrant of the done.

The edge of the salt done has been drawn to the "best fit" of
the data on the radial sections Figures 5.14 through 5.17.
Shown on the sections are the key stratigraphic units (Sections
4.3 and 5.2) as identified in the individual well |ogs. Sev-
eral of these marker horizons have been correlated to denon-
strate the surrounding stratigraphic relationships with the
salt done. Synbol s which appear to be msaligned nmay be the
result of faulting and/or distance of projecting the well |og
data to the section line.



5-12

Faults and their displacenents, where identified in the |ogs,
are also shown on the sections (i.e., F350). The mgjor faults
whi ch have been identified and shown on the figures are dis-
cussed bel ow.

Fault F1: Fault F1 is the main regional growh fault which
strikes NWSE, intersecting all of the Five Island salt dones.
Fl1is readily identifiable on all the najor structural horizons
(Figures 5.6 through 5.12) and constitutes the nost significant
structure around the Weks Island donme. The fault is normal,
dipping to the NE with nore than 1,100 feet of vertical dis-
pl acenent at a depth of 10,000-11,000 feet. Mapping of sequen-
tially shallower structural horizons shows the fault trace of
F1 to nove "up-dip", thereby assum ng a nore WNWESE direction
(Figures 5.6 through 5.12). The fault has up to 50 feet of
di spl acenent in the overlying Alton Sand. Correlation of this
feature with structures within the done is discussed in Section
5.5.

Faul t F2: Fault F2 appears to be another major fault inter-
secting the dome in a NNE-SSW direction. The actual relation-
ship between the mapped F2 fault on the northeast and the F2
fault on the southwest portions of the dome are unclear. No F2
fault has been shown on the structure maps in the northwest
between the Peorian and the Textularia L horizons (Figures 5.8
and 5.9). Correlation was extremely difficult in this area due
to the massively thick sands within the sections. There may
possibly be two separate faults (deep and shallow) in this quad-
rant of the done which coincidentally overlie each other.

For the purpose of sinplicity, this fault(s) has been given the
desi gnation F2.
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The fault dips to the east, with nore than 1000 feet of verti-
cal displacenent on the Textularia Whorizon (Figure 5.12)
decreasing to |l ess than 50 feet of displacenent on the Peorian
Cay (Figure 5.7). F2 fault has been correlated with the nor-
mal fault mapped in the sedinents southwest of the done
(Figures 5.7 through 5.12).

Fault F3: Fault F3 has been napped as a tangential fault strik-
ing roughly WNWESE. F3, which projects beneath the salt over-
hang al ong the northern edge of the donme, dips towards the
north with a maxi mum vertical displacement of up to 500 feet.

Fault F4: Fault F4 appears to be a relatively mnor fault
which strikes nearly NS across the top of the donme (Figure
5.6). Evidence for this structure has been based on structura

mappi ng on the Alton Sand, surface mapping and topography, and
mappi ng structures within the done.

These faults and their relationship to the done structures are
di scussed in Section 5.5. These structures are essentially the
sane as those found by Atwater and Forman (1959). This study
agrees with Atwater and Forman’s i nterpretation of the nunber
and strike of the faults on the west side of the done where
wel | control is good; however, nore recent drilling has led to
a different interpretation of the strikes of the faults on the
east side of the dome.

5.4 - Done CGeonetry

(a) Ceneral

The geonetry of the done plays a significant role in the
integrity of the SPR. The location of the SPR mne with
respect to the edge of the dome, the top of the salt, and
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any structures within the salt, to a |large degree deter-
m nes the containnent potential and stability of the m ne.
Therefore, significant enphasis has been placed on deter-
m ning the boundaries of the donme and structures within
t he done.

Top-of - Sal t

The top of the salt donme is controlled primarily by solu-
tioning of the salt and, to a limted degree, fault con-
trol. The contours of the top of the salt stock are shown
on Figures 5.22 and 5.23. There is essentially no caprock
over the Weks Island salt stock. Only small, thin
pat ches of gypsum are present near the outer edges, but
el sewhere, clay, sand and gravel lie directly on the rela-
tively flat dome surface (Figures 4.2 through 4.5). There-
fore, since there is no protective caprock or inpervious
clay layer, fresh ground water is able to actively shape
the upper surface of the salt mass. The topography of the
top of the Weks Island salt done is thus largely deter-
mned by the intensity and direction of the ground water
flow within the sediments in contact with the salt.

Due to the perneable nature of the surficial sedinents,

surface topography has little effect on the direction of

flow of ground water, other than creating a general flow
radially outward fromthe center of the island. The rate
of dissolution depends upon surface water infiltration
into the overlying sediments and the ground water gradient

and conductivity.

Interpretation of the shape of the top of the dome, based
on available data, is shown on the various cross sections
presented in Figures 4.3 through 4.5 and 5.14 through 5.21
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The topography of the top of the done was conpiled using
all available data fromborings drilled on the done. Loca-
tions of these borings are shown on Figures 5.1 through
5.4 and in Appendix C. The top-of-salt contours shown on
Figures 5.22 and 5.23 are based on these borings, surface
contacts extrapolated to the top-of-salt, and projected
faults from surface and subsurface data.

Where drilled, the top surface of the salt was found to be
highly fractured with major loss of circulation (Acres,
1986 and Feni x & Scisson, 1979a, b, c). The interpreted
t opography of the top of the salt dome suggests a snal
salt ridge trending NE-SWunder the DOE site in the area
“of the SPR shafts (Figure 5.24). Val l eys on top of the
dome appear to be the result of preferential ground water
sol utioning which could occur along shear zones within the
salt mass (see Section 5.5). Al t hough Kupfer (persona
communi cation) postulates that these zones of depression
could extend as nuch as 200 feet into the salt, no evi-
dence was found to show nore 'than approxi mately 50 feet of
differential solutioning (Figure 5.23). The valleys in
the salt along the south side of the done may be asso-
ciated with differential solutioning along shear zones
parallel to the extension of the main growmh fault F1
extending into the salt (see Section 5.5).

(c) Edge of the Salt

The location and configuration of the edge of the salt was
determ ned using information fromoil and gas wells which
either penetrated the salt or were |ocated adjacent to the
done. In areas close to the donme where sedi nents have
been defl ected steeply upward, a few of the thickest sands
(in particular Unit W are mneralized with a salt
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matrix as a result of percolation of saturated brine
t hrough the formation. In addition, [lithification of
clays to shales is also very evident close to the salt.

Both of these characteristics are quite distinct on the
geophysi cal | ogs and have therefore been used in inter-
preting the edge of the done. In addition, data from
approximately 50 wells which penetrated the salt were used
to define the salt boundary. Wilizing these data, four
tangential sections were generated off the done to assi st
in defining the salt edge (Figures 5.18 through 5.21).

The configuration of the edges of the salt stock are shown
by the contours of Figure 5.22 and are best illustrated in
the cross sections of Figures 5.14 through 5.17. As shown
on Figure 5.22, the salt forns a prismatic-shaped stock
with sub-parallel edge boundaries in cross section, dip-
ping approxi mately 80" from horizontal. The east side of
the stock barrels-out into the sedinments north of the nain
fault (F1), formng an overhang indicated by the dashed
contours on Figure 5. 22.

5.5 - Donme Structure

No previously known studies have been undertaken to relate
structures within the surrounding sedinments with those mapped
within salt dones. As part of this study, an attenpt was nade
to determne if there was any correlation between internal and
external structures. The expression of faulting inside the
salt is different than in the surrounding sedi nents.

The salt mass is rheologic in nature and through continuous
movenent, resenbling flow, zones of stress relief tend to be-
come contorted and twisted as they partially heal thenselves.
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As a result, while stress in the sedinments surrounding the done
Is relieved al ong narrow pl anes which can be classified as
faults, the expression of these features inside the done is
in the formof zones of disturbed, inpure salt.

It has been postul ated that salt done enplacenment occurred as a
series of differentially noving salt spines. Conpr essi on and
squeezing of the salt mass occurred as the salt spines noved
upward t hrough the sedi nents. Boundari es between these salt
spines are called "shear zones" or anonal ous zones and are char-
acterized by inmpure salt, pressure pockets, inclusions, and
highly defornmed salt (Kupfer, 1977). The upward novenent of
these salt spines resulted in rupturing and faulting of the
overlying sediments. . Therefore, the shear zones mapped within
the dome should be correlative with external fault structures.
As the done continued to nove upward, these faults extend and
expand upward around the done. Since these faults dip at vary-
ing angles, their structural traces rotate "up-dip" as shal-
| ower horizons are napped. Therefore, to correlate external
structures with internal structures requires an understanding
of the tine-history of done enplacenent which makes interpreta-
tion and correlation extremely conplex. To further conplicate
interpretation, the dome may have rotated during enpl acenent,
thereby causing realignnent of the interior structures relative
to the exterior structures.

The salt structures within the various mned |evels have been
mapped in detail by Dr. Kupfer (Acres, 1977 and Kupfer, un-
published). A summation of these principal structural features
identified within the done are presented bel ow and shown on
Figure 5.25.
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A postul ated correlation of the external structures as shown in
plan on Figures 5.6 through 5.12, and in profile on Figures
5.13 through 5.21, wth the internal structure features shown
on Figure 5.25 are:

Ext er nal [ nt er nal

F1 Shear Zone A
F2 Shear Zone B
F3 None

F4 Shear Zone D
Unknown Shear Zone E

Zone A Zone A appears to be an alignment of gas outbursts
encountered during mning in both the | ower |evel of the DCE
SPR m ne and the new Morton M ne workings. Dr. Kupfer (per-
sonal conmuni cation, 1987) found this zone peculiar in that it
cuts across bedding at alnost right angles in places, whereas
all the other zones either parallel bedding, or drag bedding
into parallelism The Morton Mne is currently penetrating
this zone and bl owouts, sandstone stringers, inpure salt, and
areas of high noisture have been encountered. Recently com
pleted drilling in the Morton Mne has confirmed that this zone
I's about 150-200 feet w de.

Zone A appears to align with the previously mapped maj or NW SE
trending fault, F1 at or below the Textularia W level (Figure
5.12). Fault F1is a major regional structure which has, at
least in part, controlled the enplacenent of the Five Island
salt dones. The fault has over 1000 feet of displacenment at a
depth of 7,000-10,000 feet (see Section 5.3). Therefore, based
on in-mne mapping and recent exploration, it is postulated
that Zone Ais a nmanifestation of that fault into the salt dome
and constitutes a major structure within the done.
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Zone B: Zone B is a structural feature which has been pro-
jected between the DOE SPR mine and the Morton/ Markel M nes.
Al t hough mapping of the Markel drifts, which cross this zone,
has failed to show evidence of a "typical" shear zone, other
geonor phi ¢ and geol ogi ¢ evidence tends to suggest the presence
of some anonal ous zone in this region. These include the "wet"
drift and a pronounced valley in the top-of-salt (Figure 5.23).
This shear zone may be structurally related to F2 (Section
5.4); however, 1lack of geologic control on the north side of
the done makes this projection tentative.

Zone C  Zone C has been mapped by Dr. Kupfer on the west side
of the north part of the lower level of the SPR m ne (Acres,

1977). The zone appears to die out southward into good, normal-
grained, pure salt. It contains numerous outbursts, liquid
hydrocarbons, a sand stringer, and nmuch pegnatite-like coarse-
grained sal t. Portions of the east working of the 1200-foot
new Morton M ne | evel workings may be in the western edge of
this zone. Qut bursts occur along a 50-foot |ong zone, and
coarse-grained salt extends for 500 feet. The relationship of
this zone with Zone B is not clear.

Zone D Shear Zone D has been identified since the 1970s
(Acres, 1977). It borders the eastern edge of the |ower [evel
of the DOE oil storage area and controlled the configuration of
the mne along this side of the done. The zone contains such
typical features as clay, sand, oil, grease, noisture and exten-
sive "black" or inpure salt. Qut bursts occurred at the north
end of this zone. Mning activity did not penetrate through
this zone. The west edge of the zone grades into coarse-
grained salt and then sheared salt. The zone has a very marked
surface topographic expression with the Devil's Backbone ridge
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to the west and the | ow valley and ponds to the east (Figure
2.2). Dr. Kupfer (1977) has interpreted this zone as the boun-
dary zone between two spines of salt noverment. Al though this
zone appears to align with F4 (Figure 5.6), F4 is a relatively
mnor fault (Section 5.3) whose alignnent may be only coinci-
dental with Zone D.

Zone E The southern Zone E is highly sheared with the beds
dragged into parallelismwth the edge of the salt stock. Gas
outbursts are evident. Top-of-salt appears to be highly nodi-
fied in this region (Figures 5.22 and 5.23). Thi s zone does
not appear to be correlative with any nmapped structures outside
of the done.

Banding: This zone is up to 1000 feet wide (Figure 5.25). It
is a folded nmass of inmpure salt with dark beds, coarse-grain,
hi gh wetness and stringers of sandstone. The origin of this
zone is highly speculative and could be just a nass of "dirty"
primary salt dragged up sone 30,000 feet.

5.6 - Domal Movenent

The overall movenment of the Weks Island salt done is generally
in an upward direction. The rate of uplift of the top of the
salt donme has been conputed by dating the sedi nents over the
top of the donme such as the Alton sand (80,000 years old) and
dividing it intoits total uplift (650 feet) in that period.
This indicates a rate of uplift of 0.1 in/year (2.5 mm/yr).
This relatively high rate of uplift likely accounts for the
absence of a caprock and the high topographic expression of the
i sl and.

While the done noves in an upward direction overall, there is
also differential movenent of salt within the dome. Man's min-
ing activities wthin the done have resulted in surface subsi-
dence resulting from m ne convergence at depth. The existing
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subsi dence data collected since 1983 are shown on Figure 5.26
Al though the data are extrenely limted and somewhat question-
able, they do suggest that up to 0.8 feet of subsidence has
occurred over the SPR facilities since 1983. DCE and Morton
are currently preparing a detail ed subsidence and convergence
program for the Weks |sland done to be initiated in 1987-88.

57 - Salt Properties

(a) Conposition

Salt analyses were performed in 1977 on salt sanples
recovered fromthe lower SPR mne level and in 1979 from
the upper |evel. Spect rographi ¢ anal yses were perfornmed
on both pure and inpure salt sanples. Ceneral ly, there
was little difference between salt fromthe upper |evel

and that from the |[ower |evel. Salt purity was found to
be high (>98.9 percent) with the major inpurities being
ca, s, K A, Fe, Si, and Sr. The sanples from the | ower
| evel generally contained nore inpurities, these being Ca,

P, K Si, A, Fe, and Sr. Results are presented in
Tables 5.2 and 5. 3.

A petrographic analysis showed the Weks Island salt to be
generally coarse grained. Unlike sanples from other salt
domes, no small grains at the intersection or contact of
larger grains were found. This lack of smaller grains may
account for the observed friable nature of the Weks
Island salt, since with nmore uniformgrain sizes the con-
tact between the grains is mnimzed. Details of the
petrographi c analyses can be found in Acres (1977 and
1979).
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(b) Salt Strength

Salt strength tests were perforned on sanples fromthe
| oner level in 1977 and for upper level sanples in 1979
(Acres, 1977, 1979). The 1977 test results showed:

- Indirect Tensile Strength
(Average of 9 tests) = 155 psi
Unconfined conpressive (uniaxial) strength
(average of 4 tests on 6-inch dianmeter

speci nens) = 2,020 psi
- Triaxial Conpressive Strength

at 500 psi confining stress based

on average of 3 tests on NX

(2-7/8-inch di aneter) speci mens = 7,100 ps

- Mohr-Coul onb Strength envel ope
inthe formT = C + ¢tane i S given hy
T = 330 + ¢ tan 56° (psi)
where T and 4 are the shear and
nornmal stresses respectively
associated with the plane of failure.

The results of the 1977 tests showed unconfined strength
of the salt to be significantly |ess than that neasured
for salt from other dones. This |ower strength was
largely attributed to the lack of intercrystalline bonding
or cohesi on. This was supported by the fact that core
sanples tend to readily deteriorate. D saggregation of
the sanples along the weak grain boundaries was probably
the result of stress relief. It was for this reason that
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the | aboratory unconfined strength tests were not consid-
ered indicative of the actual in situ salt strength. As a
result, the tests performed in 1979 were directed at nore
accurately defining the in situ strengths of the salt.

In the 1979 program for the upper level, 19 large dianeter
(4-inch and 6-inch) sanples were tested to obtain nore
consistent and representative salt strengths (Acres, 1979).
These test results, which are presented in Table 5.4, were
very consistent, ranging between a maxi mum val ue of 2975
psi to a mninmum value of 2330 psi, with a nean val ue of
2660 psi .

Unconfined and triaxial conpression tests were also
carried out on NX (2-inch dianeter) cores. The unconfined
strengths were nuch lower and nore erratic than those from
the larger sanples, primarily due to the |arge-sized
crystals.

Triaxial conpression tests at 500 psi confining pressure
resulted in a range of conpressive strength values from
3000 to 5660 psi, with an average val ue of 4448 psi, while
tests at 1000 psi confining pressure resulted in val ues
ranging from 3850 to 5690 psi with an average val ue
of 4878 psi. Young's nodulus for all tests ranged from 1
x 104 psi to 4.8 x 102 psi and Poisson's ratio ranged from
0.19 to 0.47. OnM ng to the very high grain-dianeter to
sanpl e-dianeter ratio of certain sanples (0.3-0.5 inch
crystals in 2-inch dianeter sanples), reliable strain meas-
urenents could not be obtained. Results of these tests
are presented in Table 5.5.

Tensile strength tests performed on 2-inch dianeter
sanpl es gave strength values ranging from20 to 49 ps'
(Table 5.6).
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(c) Perneability Tests

In 1977, field perneability tests were performed in bore-
holes drilled into the salt in the |ower |evel and sanples
taken for |aboratory testing. The upper | evel was not
accessible for drilling equipment at that time, but a
series of field tests were conducted in the upper |evel
during the final stages of conversion to oil storage in
1979 and sanples taken for laboratory testing. Details of
the locations, test procedures and results of those test-
ing programs are given in published reports (Acres, 1977
and 1979).

The 1977 field tests were conducted using diesel fuel in a
series of NX boreholes at four sites around the perineter

of the lower [evel. No measurabl e continuous inflow was
recorded during 148 of the total 155 tests performed with
a 5-foot test length and test pressures up to 60 psi. It

was concluded that the in situ perneability was in all
cases less than 0.02 mllidarcys (nd).

Laboratory tests on NX core recovered from the borehol es
in the lower level were carried out using both nitrogen
and diesel fuel as the test fluid at confining pressures
of 200, 500 and 1000 psi. Test results are presented in
Table 5.7 and indicate significant reductions in perneabil -
ity with increasing confining pressure. Under 200 psi
confining pressure, the perneability ranged up to 366 md
for nitrogen and to 125 nd for diesel fuel; under 1000
psi, the ranges were up to 20 nd and 12 nd for nitrogen
and di esel fuel respectively.



5-25

These relatively high |aboratory values were not consis-
tent with the perneabilities calculated by the field test-
I ng. Det ai | ed anal yses of the sanples showed themto be
di sturbed and therefore not representative of actual in
situ conditions.

In situ permeability testing was undertaken in the upper
level in 1979. The results of 15 tests run with nitrogen
ranged from 0.0055 to less than 0.0001 nd, while the tests
run with diesel fuel gave results ranging fromO0.015 to
0.0001 md (Table 5.8).

The results of |aboratory pernmeability tests undertaken in
1979 were conparable to those done in 1977, where the neas-
ured perneabilities were two to three orders of nagnitude
hi gher than that neasured in the field. Tests with air
gave values up to 340 nd at 200 psi confining pressure and
up to 14 nd at 1000 psi pressure: conparable results for
tests with diesel fuel were 276 nmd and 3.7 nd (Table 5.9).
Again, this high variance was attributed to sanple distur-
bance. It is highly probable that the salt cores under-
went stress relief followng drilling, which resulted in
intergranul ar | oosening between salt crystals, giving rise
to an increase in the effective perneability of the
sanpl es. Hence, the results of the field permeability
tests were again considered to be nore closely representa-
tive of the true perneability of the salt mass.

In sutmary, the field perneability testing carried out in
the lower level in 1977 and the upper level in 1976 indi-
cated that the mass perneability of the salt in both
| evel s was | ess than 0.02 nd.
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Pl ei st ocene

Pl i ocene

M ocene

TABLE 5.1

PLEI STOCENE,

PLI CCENE AND M OCENE STRATI GRAPHY

ADDI TI ONAL VAP SMYBOLS

Bl OSTRATI GRAPH C  ZONE SYMBOL DEPCSI TI ONAL  ENVI RONVENT
Cary Sand cs Deltaic sand of glacia
outwash origin
Cary day cc Bay and narsh clay
W sconsin Sand W Deltaic sand
Two Creeks O ay 2c Marsh to nmarine clay
Alton Sand and G avel A Al luvial-deltaic sand and grave
Sanganon d ay S Marine clay
[l1linoian Sand | Al luvial-deltaic sand and grave
Peorian d ay P Marine O ay
Kansan Sand KA Deltaic and narine sand
Nebr askan Sand NE Al luvial-deltaic sand and grave
Bulimnella TP Alluvial clay and thin sand
M ddle Pliocene MP Al luvial gravelly point bar
Bi generi na MIO Al luvi al topset beds - stacked
poi nt bars
Textularia L L Al luvial point bar sands
day Marker 2L Shal | owest marine clay
Bi generina 2 2 Thick marine clay
Textularia W W Thick marine sands
Bi generi na humblei BH Shal | owest clay thicker than
sand-main oil trap
Cristellaria | CcI1 Deeper water foreset beds
Bolivina 5 B5 Thin narine sand
Ci bicides opim co Del ta-nmouth bar or marine channe
sand
Amphistegina B AB Marine clay
Robul us 43 (I ower) R43 Marine clay
Operculinoides OoP Liny marine clay
Cistellaria Il CII Marine channel sand
Cibicides A CA Marine channel sand
Mar gi nulina ascensionsis MNA Deepest thick sand-offshore bar
Si phoni na davisi SD Turbidite sands in Anahuac
deep water clays
Planulina pal nerae PP Thin turbidite sand
Li ebusel I a LB Thin turbidite sand narker
near base of miocene
TL Top of Log
TS Top of Salt
BS Bottom of Salt
MN M neralized Sand
Pr Overpressured Shale
GY Gypsum
CL Cl ay
SA Sand
SG Sand and G avel
F200 Fault with 200 ft Throw
TD Total Depth of Well



TABLE 5.2

VEEKS | SLAND M NE

ELEMENTAL ANALYSIS COF ROCK SALT

UPPER LEVEL

Sanpl e Location and Results*

El ement VBPD

Na 390, 000
Cl 605, 000
Al 22
Be <0.05
Ca 2,360
Cr <1
cu 1.6
Fe 14
Mg <1
Mh <1

P <5

K 360
Pb <5
Zn <5
Ba 0.7
Si 32.5
Ag 1
Sr 8

Ti 3
\Y, 1.2
B 1.9
co 15

S 1, 600

* Al

results are given in ppm by weight.

spectroneter.

Sour ce:

Acres, 1979

B9

389, 000
600, 000
20
<0.05

3,730
<1

1.6
<1
<1
<1
<5
360
<5
<5

0.5
16

12
<0.5
1.2
1.0

18

1,700

M4 R10
390, 000 390, 000
605, 000 601, 000
5 5
<0.05 <0.05

2,570 2,150

1.5 1.4

1.4 1.9

<1 37.5
<1 <1l

1.4 2.4
<5 <5
600 660
<5 <5
<5 <5

0.5 0.5
11 11
1.3 2
8 7

<0.5 <0.5

4 0.4

. 1.5
11 18
1, 600 1, 600

115

390, 000
605, 000
68

co.

4,620
<1l

35

<1
<5
100
<5
<5

16

14

1,600

Anal ysi s by atomic absorption

05



TABLE 5.3

WEEKS | SLAND M NE

ELEMENTAL ANALYSIS OF ROCK SALT

LONER LEVEL
Sanpl e Na Cl
Location % % Al Be Ca Cr cu Fe Mg Mn P K
H23** 1.12 1. 69 45, 000 1.9 89, 600 124 23.8 19, 900 50, 000 368 400 3, 900
H23 38 58 23.9 <0.2 3, 900 0.78 2.59 33.6 <0.2 0.36 130 500
wl4 42 58 58.4 <0.2 4,910 3.28 2.07 33.6 <0.2 0.84 110 50
Al 42 57 37.2 <0.2 4, 860 4,72 9.63 70.5 co. 2 1. 40 80 50
K3 41 58 15.9 <0.2 262 0.59 2.20 36.9 <0.2 0.05 90 50
. Pb Zn Ba _ Si Ag Sr Ti Vv B co S
215 52 174 1,170 <0.1 56. 2 2, 380 117 24 17.5 0. 26
5 0.3 2.9 40.5 co.1 10.0 1.45 0.01 ¥ 0.3 0.33
4 0.3 4.3 40. 8 <0.1 15. 3 4.58 0.05 ¥ 0.3 0. 35
37 0.9 2.4 41.0 <0.1 17.6 6.18 0.04 ¥ 0.9 0.34
6 0.1 0.2 22.1 co.1 8. 48 1.11 0.01 ¥ 0.1 0.02
1 Al results are given in PPM by weight unless otherw se indicated. Anal ysis by a chemical frane

spectroneter.

* No

Test perforned

** Sanple of carbonaceous shale

Sour ce:

Acr es,

1977



Site

B9

R10

115

Upper Vent
Bypass

Drift

* Corrected for
floor of mne

Sour ce: Acres,

TABLE 5.4
WEEKS | SLAND M

NE

SUMVARY OF UNCONFI NED COWPRESSI ON
STRENGTH TESTS on LARGE DI AMETER CORES

UPPER LEVEL
Sanple Dianeter (in.) sanpl e Lab
Lengt h Sanpl e

Sanpl e No. Nom nal Act ual (in.) No

B9-41-1 4 3.625 6. 88 7
B9-42-1A 4 3. 625 8.25 13
B9-42-1B 4 3. 625 4.95 1
B9-43-1A 4 3. 625 7.63 16
B9-43-1B 4 3. 625 8.00 2
B9-61-1 6 5. 750 7.00 9
B9-61-2 6 5. 750 6.81 4
B9-62-1 6 5. 750 5.94 11
M4-41-1 4 3.625 7.31 14
M4-2-1a 4 3.625 6.75 19
M4-42-1B 4 3. 625 8.25 20
M4-43-1 4 3. 625 7.38 15
R10-61-~-1 6 5.750 6. 23 3
R10-42-1 4 3.625 7.25 8
R10-41-1 4 3.625 7.13 12
R10-51-1 Broke before sawing - poor sanple 18
115-41-1 4 3. 625 8.14 10
115-42-1 4 3.625 7.30 5
VBPD- 41- | 4 3.625 8.25 6
VBPD- 42- 1 4 3.625 8.38 17

I ength/diameter ratio in accordance with ASTM
with axis vertical, April 1979

1979

AVERAGE STRENGTHS

Designation G42. A

Unconf i ned Site
Conpr essi ve Aver age
Strengt h* Strength
(psi) (psi)
2765
2530
2715
2420 B9
2385 2620
2610
2870
2665
2910
2975 (max) M4
2570 2765
2600
2835
2600 R10
2910 2780
2330 (mn) 115
2640 2485
2630 VBPD
2575
2520
2660 2645

cylindrical core cut from



TABLE 5.5

VEEKS | SLAND M NE

SUMVARY COF UNCONFINED AND TRIAXI AL COVPRESSI ON TEST
RESULTS ON NX-SIZE SALT CORES

UPPER LEVEL
Maxi mum
Confi ni ng Stress Young' s
Sanpl e Borehole Pressure Di fference Modul us* Poi sson' s
Nunber Nunber ( 63) psi (67 - 63) psi (psi) Rati o
s1 115-H1 0 2220 1.09 x 105 * %
s3 I15-H1 0 255 5.0 x 104 *x
S5 115-11 0 940 6.0 x 104 0.37
s9 115-11 0 270 1.3 x 105 i
S11 B9-H1 0 960 9.4 x 104 0. 44
S23 M4-H1 0 120 i *x
s37 R10-I1 0 1590 9.9 x 104 *%
$39 R10-I1 0 725 4.3 x 105 0. 47
s47 VBPD-H1 0 435 b * %
* 0 1250 1.1 x 104 0.35
87 115-11 500 5000 1.7 x 105 0.46
s21 M4-H1 500 4840 4.3 x 105 0.27
s35 R10-I1 500 3740 2.1 x 105 *x
s49 VBPD- HI 500 5660 1.5 x 105 i
s41 VBPD-H1 500 3000 2.0 x 105 **
815 B9-H1 1000 5180 1.2 x 105 0.35
517 B9-I1 1000 3850 2.1 x 105 0.19
s29 M4-I1 1000 5690 2.1 x 105 0.46
s31 R10-H1 1000 5290 1.7 x 105 0.20
s43 VBPD-H1 1000 4380 4.8 x 109 * %
* Tangent nodulus at 50% of nmaxi mum | oad.

** Due to the very high grain-dianmeter-to-sanple-dianmeter

reliable measurements of
i npossible to obtain.
be defi ned.

speci nens,
virtually
coul d not

***  Sanple could not

Sour ce:

Acres,

1979

be positively

identified.

transverse and/or
Hence, reasonable values of

ratio of these

axi al

strains were
these paraneters



TABLE 5.6
VEEEKS | SLAND M NE

SUMVARY OF TENSI LE STRENGTH TESTS

UPPER LEVEL
Tensile Strength
Site Sanmpl e  Nunber (psi)
115-11 9 49
115-11 9 20
VBPD-H1 45 35
VBPD-H1 45 40

Notes: Al sanples 2.0 inches in diameter by 0.75 inches I|ong. The failure
pl ane propogated along grain boundaries causing the sanple to
crunble to failure.

Source Acres, 1979



Site

Al

Al

wl4

wl4

wl4

wl4

wl4

H23

Sour ce:

Hol e
Nunbert

NX1

NX1

NX1

NX1

NX2

NX2

NX2

NX2

Acres

TABLE 5.7

SUMVARY OF LABCRATORY PERVEABILITY TEST RESULTS

LONER LEVEL
Confi ni ng

Sanpl e Depth Into Perneability, M1 1idarcys Pressure
Nunber Borehole (ft) Ni t rogen Diesel Ol (psi)
1 7 366 200
103 Sanpl e 500

11 Fai |l ed 1, 000

2 10 83 21 200

15 17 500

1. 7.4 1,000

4 17.5 217 4.6 200

44 3.1 500

20 1.4 1, 000

5 45.5 35 20 200

8. 18 500

1. 8.4 1, 000

6 16 162 125 200

56 63 500

1. 12 1, 000

7 19 106 19 200

61 12 500

8. 4.6 1, 000

8 38 5. 17 200

3. 10 500

1. 3.4 1, 000

10 42.5 40 1.3 200
10 .67 500

4, .28 1, 000

1977



SUMVARY OF LABCRATORY PERMEABILITY TEST RESULTS

TABLE 5.7

LONER LEVEL
(Cont' d)
Confi ni ng
Hol e Sanpl e Depth Into Perneability, M1 1idarcys Pressure
Site Number Nunber Borehole (ft) Ni trogen Diesel 4l (psi)
H23 NX2 11 44 72 4.0 200
18 2.5 500
2.4 1.0 1, 000
H23 NX2 12 49 26 5.0 200
11 3.1 500
2.6 1.1 1, 000
H23 13 Bl ock 0. 001 0. 0002 200
0. 001 0. 0001 500
0.001 0. 0001 1, 000
H23 14 Bl ock 0. 001 0. 0001 200
0. 001 0. 0001 500
0.001 0. 0001 1,000
520 16 Bl ock 0.42 0.018 200
0.06 0.013 500
0.04 0. 009 1, 000
520 17 Bl ock 0. 36 0.09 200
0.12 0. 07 500
0.08 0.05 1, 000
Sour ce: Acres 1977



TABLE 5.8

SUMVARY oF FI ELD PERVEABILITY TEST RESULTS

UPPER LEVEL
TESTS W TH N TROGEN
Test Measur ed
Pres. Packer Test Interval Test Pressure Dur ati on
Hole Test (Po) Pres. From To Length Drop Permeability of Test

Site No. No. (psi) (psi) (ft) (ft) (ft) (psi) M1 lidarcys (mn) Coment s

B9 H1 1 20 150 10.0 40.0 30.0 0.4 .0031 55

B9 H1 2A 50 160 30.0 40.0 10.0 0.3 .0004 40

B9 Il 1 20 160 10.0 40.0 30.0 0.0 <.0001 90) No neasurabl e

B9 11 2 40 160 25.0 40.0 15.0 0.0 <.0001 60) pressure drop

M4 H1 1 25 100 15.0 36.5 21.5 0.4 .0010 50

R10 H1l 1 75 160 30.0 40.0 10.0 0.6 .0030 5

R10 I1 2 75 160 30.0 40.0 10.0 0.1 .0012 2

R10 I1 4 25 160 15.0 40.5 25.5 0.1 .0055 5

115 Hl 4 25 160 14.5 40.0 25.5 0.1 . 0055 5) Packer apparently

115 Il 1 75 160 29.0 40.0 11.0 0.1 .0055 5) | eaking but test
section pressure
not affected

VBPD H1 1 25 160 15.0 36.0 21.0 0.0 <.0001 90 No neasurabl e
pressure drop

VBPD H1 2 60 173 25.0 36.0 11.0 16.0 - - 25) Apparent | eakage;

VBPD H1l 2A 60 173 25.0 36.0 11.0 24.3 -- 40) Data not valid

Tests carried out in the upper level of the Weks Island salt mine during April 1979.

Sour ce: Acres, 1979



TESTS WTH DI ESEL FUEL

115
115
115

VBPD
VBPD

* | ndicates

NOTE:

TABLE 5.8

SUMMARY OF PFIELD PERMEABILITY TEST RESULTS
UPPER L EVEL

(Cont ' d)

Test Stage 1 Stage 2 Stage 3
Pres. Packer Test Interval  Test
Hol e Test (Po) Pres. From To Length Perm Ti me Perm Ti me Penn. Ti me
No. No. (psi) (psi) (ft) (ft) (ft) (md) (min) (md) (min) (md) (min)
H1 1* 25 160 15.0 40.0 25.0 .0154 10 .0090 10 .0017 29
H1 3 20 160 10.0 40.0 30.0 .0014 30 .0012 30 -- .-
11 3 40 160 25.0 40.5 15.5 .0046 5 .0012 28 .0006 30
I1 4 20 160 10.0 40.5 30.5 .0096 5 .0011 33 .0008 19
H1 2 25 100 15.0 35.4 20. 4 .0077 5 .0045 12 .0036 33
H1 2% 25 130 15.0 36.5 21.5 .0008 28 .0003 29 -- .-
H1 2A 25 100 13.0 35.4 22.4 .0031 12 .0019 23
I1 3% 28 134 15.0 40.0 25.0 - - - .0001 30
Il 4 75 140 30.0 40.0 10.0 .0006 30 - - - -
H1 5 25 160 15.0 40.5 25.5 .0011 35 .0001 30 --
H1 8 75 175 30.0 40.5 10.5 .0031 30 .0019 32 .0017 28
I1 6 25 160 15.0 40.5 25.5 .0018 32 .0007 33 o -
I1 7 75 160 30.0 40.5 10.5 .0013 32 .0004 30
H1 5 25 160 14.5 40.5 26.0 .0067 7 .0018 33 .0011 32
Il 2 75 160 29.0 40.5 11.5 .0022 17 .0014 18 .0006 32
I1 3 75 160 29.0 40.5 11.5 .0022 10 .0008 28 .0003 30
H1 3 60 160 24.5 36.0 11.5 .0035 23 .0020 34 .0024 18
H1 4 25 160 14.5 36.0 21.5 .0111 7 .0018 28 .0013 32
Re- Test
H gh pressure gas encountered durifg drilling of M4-H1.
Tests carried out in the upper |evel the Weeks Island salt mne during April 1979



TABLE 5.9

SUMVARY OF LABCRATORY PERMEABILITY TEST RESULTS

UPPER LEVEL
TESTS WTH AR
Sanpl e Permeability Confining Pressure

Site Nunber (mllidarcys) (psi)
I15-H1 2 127 200
36 500
5.0 1, 000
115-11 6 159 200
70 500
<0.01 1, 000
115-11 12 28 200
11 500
1.3 1, 000

B9-H1 16 Fai | ed
M4-H1 22 43 200
17 500
3.1 1, 000
M4-H1 26 26 200
10 500
1.8 1, 000
.62 @ 10 hrs 1, 000
.01 @ 72 hrs 1, 000
.18 @ 96 hrs 1, 000
R-10-H1 32 335 200
51 500
2.6 1, 000
R10-I1 36 341 200
71 500
6.0 1, 000
VBPD-H1 42 183 200
79 500
14 1, 000
VBPD- VI 50 44 200
20 500
2.2 1,000

Sour ce: Acres, 1979



TABLE 5.9

SUMVARY OF LABCRATCORY PERMVEABILITY TEST RESULTS

UPPER LEVEL
(Cont'd)
TESTS WTH DI ESEL FUEL
Sanpl e Permeability Confining Pressure

Site Nunber (m|lidarcys) (psi)

I15-H1 4 Fail ed
115-11 8 47 200
18 500
2.2 1,000
115-11 10 16 200
7.7 500
1.7 1, 000

B9-H1 14 Fail ed
B9-H1 18 29 200
11 500
2.3 1, 000
M4-H1 24 48 200
14 500
2.8 1, 000
M4-H1 28 12 200
6.8 500
2.2 1, 000
R10-H1 34 3.7 200
2.9 500
2.1 1,000
R10-I1 38 276 200
178 500
Fai |l ed 1,000
VBPD- H 44 18 200
6.8 500
3.7 1, 000

VBPD-H1 48 Fai |l ed



TABLE 5.9

SUMVARY OF LABORATORY PERMEABILITY TEST RESULTS

UPPER LEVEL
(Cont' d)
LONG TERM TESTS WTH DI ESEL FUEL
Confi ning Test
Sanpl e Permeability Pressure Dur ati on
Site Nunber (m|lidarcys) (psi) (hr)
B9-H1 20 6.5 200 Initial
4.7 500 Initial
2.3 500 10
1.4 500 60
M4-H1 30 22.0 200 Initial
15.0 500 Initial
6.1 1,000 Initial
1.8 1, 000 10
1.1 1, 000 60
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6 - STABILITY OF MNES AT WEEKS | SLAND

6.1 - Introduction

Consi derabl e efforts have been undertaken in previous studies
to determine the stability of mnes within the Weks Island
salt stock. These efforts have focused on two areas of con-
cern: (1) the ability to safely mne and extract salt and,
(2) the containment potential and security of the SPR The
1977 and 1979 (Acres) studies described previously, focused
their attention on the stability of the underground openi ngs
and shafts. The SNL (1985) report included an eval uation of
m ne and shaft stability with respect to a risk assessnent for
the DOE SPR The 1986 (Acres) studies concentrated on the sta-
bility and potential failure scenarios of the shafts.

Presented in this section is a summary of the previous findings
as they apply to the stability of the mne roofs, pillars and
shafts, together with the geologic hazards to the SPR facility.
More details and analysis of the specific issues may be found
in the referenced reports.

6.2 - Pillar Stability

A nunber of factors affect the degree of stability of pillars
in mnes at Weeks Island. Stability of pillars in the salt is
a function of the size and shape of the pillar, room height,
roomspan, depth of the mne, time frame under consideration,
strength of the salt, and mning techniques. The primry
met hods through which pillars decay is through slabbing and
exfoliation. In a study done by Dr. Donald Kupfer for Qulf
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I nterstate Engineering Conpany in 1977 and included as an
Appendi x to the Acres 1977 report on the upper and | ower SPR
mnes, the mechanisnms of mne decay were reviewed and their
effects on pillars assessed. Joints in the walls (pillars) of
roonms were mapped to determine if any pattern existed to their
orientation. It was found that the joints in the walls are
sub-parallel to the walls and are oriented with respect to the
direction of mning. Since the salt is naturally rheologic and
contains no natural jointing, it can be assumed these devel oped
during or shortly after mning of the roons. These joints
become pl anes of weakness al ong which sl abbing and exfoliation
may occur. Depending on the direction of mning undertaken
when a pillar is formed, a pillar corner can be forned by
ei ther convergent, divergent, or continuous excavation. The
size of the block fornmed at the corner of the pillar by the
intersecting joints is then dependent on the direction of mn-
ing undertaken to formthe pillar corner.

Also in 1977, a mne stability study was undertaken by Acres
(1977) for the SPR facility. The study involved:

- Determ nation of the adequacy of the pillars and perineter
wal |l s of the mne to support the weight of the overlying
salt and over burden;

- Determ nation of the adequacy of the roof spans between the
pillars and the perimeter walls; and

- ldentification of special problens associated with the shafts
t hroughout their total depth, with particular reference to
the shaft seals in the salt.

A mne survey of both levels of the mne indicated that
al though pillar decay by major slabbing, exfoliation and
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ravel ling had occurred and woul d nost certainly continue, none
of the pillars had failed and no major roof failures had
occurred even in those parts of the m ne which were worked out
more than 50 years ago. Based on these observations, it was
reasonabl e to conclude that the mne was stable and that it
woul d remain essentially stable over the SPR design life of 40
to 50 years.

To further quantify these conclusions, two types of anal yses
wer e performed:

(1) A stability analysis using uniform conpressive stress
across the pillar; and

(2) A nore rigorous analysis by the finite element nmethod to
show the distribution of the principal stresses throughout
a pillar and the adjacent salt mass.

Addi tional study of pillar strength was done in the 1979 study
by Acres. It was shown that the unconfined conpressive
strength of the salt was approximately 2500 psi, while the ver-
tical stress was estimated to be approximately 1520 psi for the
average 100 foot square pillar. Therefore, the average verti-
cal stress is approximtely 60 percent of the unconfined com
pressive strength. The size of pillars in the Weks Island
mne are large (100 x 100 feet or greater) and therefore, the
core portion of the pillar is in substantial confinenent,
resulting in a failure stress that is substantially higher than
t he unconfined conpressive strength.

As the pillars are continually in conpression, this situation
results in the ravelling and spalling of the pillars fromthe
outside in, with maxinmum stress concentrations at the center of
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the pillar height along their outside walls. Continued ravell-
ing and spalling over time results in the pillars becom ng pro-
gressively nore "hourgl ass" shaped. Since this process is con-
tinuous, the issue of pillar stability becones dependent on the
time frame being discussed. The eval uations of the previous
reports were done with respect to the design life of the oi
repository of 40 to 50 years. On the basis of this tine frame,
and evidence in the upper |evel which was first mned in the
early 1900’'s, it was concluded that the pillars would continue
to provide necessary support for the roof.

Difficulties have been encountered with pillar stability in the
New Morton M ne which has been devel oped at approxi mately the
1200-foot | evel. The increased stresses resulting fromthe
greater depth have required an increase in the pillar size in
that mne to ensure stability during mning operations.

6.3 - Roof Stability

Stability of the roof in mnes in the Weks Island salt is de-
pendent on a nunber of factors including roomheight, roof
span, depth of the mne, salt strength and nining techniques.
Sl abbing and exfoliation are the main processes through which
roof decay occurs, however, the activity of these processes
appears to be less intense in the roof than in the walls and
pillars. Scaling activity to prepare the upper and |ower |evel
wall's and floor for oil storage did not adversely affect the
roofs, as they appeared generally stable during the process.

One of the nain features which affects the roofs of the m nes
is the formation of "blowouts". These are roughly circul ar
pockets which formabruptly during or inmediately after blast-
ing; and extend upward as sinuous, conical shaped pockets.
Their size varies, but they are generally from1l to 20 feet
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deep with bases ranging to 30 feet in dianeter. Larger "blow
outs * have been experienced in the 1200 foot new Mrton M ne.
They usually occur in the upper corners of roons at the point
where the walls and roof meet, extending upward into the roof
area of the mne. The cause and mechani sm for "blowuts" is
still the subject of debate, and no definite cause has been
i dentified. It is believed that they may result fromthe
rel ease of pressure when trapped gas pockets within the salt
are tapped. Because of the potential for "blowouts", it has
been the mning practice to allow adequate separation between
mne levels so that any such potential events would not conpro-
mse the integrity of the roofs of the |ower nine, or the
floors of the upper m nes.

Roof stability was reviewed in 1977 and 1979 (Acres). 't was
found that the roof in the two levels of the SPR mnes in gen-
eral showed no signs of distress or failure. The existence of
"blowouts” in the roof did not appear to affect the overal
roof stability in the area. Based on observed conditions, it
was considered that there was little risk of collapse, other
than mnor roof falls or spalling, occurring in either |evel
and that any such falls would not adversely affect the overal
stability of the mine or lead to | oss of oil

6.4 - Shaft Stability

Shaft stability has always been a major concern at Weks |sland
as failure of a shaft can lead to mne flooding, sealing of the
mne, or in the case of the SPR render the oil wthdrawal sys-
teminoperative by either flooding or danage to the nanifold
room It has long been a practice to exercise great caution
with any openings that connect the salt stock with the surround-
ing sediments. Although the salt is relatively inpervious, it
is subject to extrene solutioning by ground water. Any open-
ing, however small, that provides a path for ground water flow
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through the salt, wll quickly enlarge by solutioning. |f such
a flow path is connected to the mnes, it nmay lead to catastro-
phic flooding in a short period of time. Therefore, any such
openi ngs nust be properly sealed to prevent the formation of a
flow path for ground water which could lead to the subsequent
solutioning of the salt. Shafts are inherently such types of
openings. As they are relatively large, as well as being the
means of ingress and egress of personnel, equipnent and pro-
duct, stability of the shafts and in particular the |inings and
associ ated seals are of utnost concern to the integrity of the
m ning operations and the SPR

Four shafts are associated with the mnes and SPR at Weks
I sl and. The two newest ones were devel oped to serve the New
Mrton Mne, and' extend to a depth of approximtely 1200 ft.

The two ol der shafts served the upper and |ower |evels of the
Weeks Island mnes (later to becone the SPR) as well as the
interimdevel opnent of the Markel M ne. O these latter two
shafts, nost concern regarding shaft stability has centered
around the older 9 foot dianeter Service Shaft constructed in

1902 (Figures 3.1, 3.2 and 3.3). I n previous studies, no de-
tailed shaft stability determ nations had been made with the
exception of routine visual inspections of the shafts. In

1986, studies were undertaken relating to the two shafts of the
SPR with specific enphasis on the Service Shaft (PB/KBB, un-
publ i shed). These investigations included both drilling and
non-destructive testing.

These investigations indicated that both the Service and Produc-
tion Shafts were sunk through primarily sands and gravels as
described in Section 4 of this report. Gavels in the sedi-
ments in this area were found to have perneabilities in the
order of 10-2 cm/sec which would be sufficient to cause



6-7

significant flows should there be a failure of the shaft |in-
ings and/or the shaft seals. Any such failure would result in
the flow of ground water into the shaft with the resulting solu-
tioning of the salt and further deterioration of the lining and
seal s. At present, there is evidence that the ground water
flow is off the donme towards the surrounding waterways as dis-
cussed in Section 4.4. Any breach of the lining or seals would
result in ground water flow towards the shafts, and since the
aquifer is connected to the surroundi ng waterways, sufficient
recharge would occur to result in uncontrolled flows into the
shafts. A number of reconmendations were nade and alternative
solutions presented in Acres report on this subject (1986).
The reader is referred to that report for nore details regard-
ing stability of the shafts.
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- HAZARDS

7.1 - Introduction

This section addresses the potential inpacts on the Weks
Island SPR facilities resulting from naturally occurring
hazar ds. The maj or hazards which are considered to have the
greatest potential inpacts on the site include:

- Hurricanes and high w nds; and
- Eart hquakes.

These hazards are individually discussed in the follow ng
secti ons.

7.2 - Hurricanes and H gh W nds

Hurri canes passing through southern Louisiana result in high
wi nds, heavy rains, and flooding. From 1900 to 1971, 85 storns
of hurricane tropical strength have struck or threatened the
coast of Loui siana. Twenty-one tropical storns crossed a
100-mile stretch of coast in the vicinity of the site during
that period (FEA, 1976). The American National Standard (ANSI,
1972) for the fastest mle of wind (30-foot level) is 95 nph
for a SO year recurrence interval and 110 nph for a 100-year
i nterval

Due to the high elevation of the island (>150 feet) flooding is
not considered a potential hazard.
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7.3 - Earthquakes

The historical record of seismcity in the @Qulf Coast indicates
that the area is nearly aseismc. The largest recorded earth-
quake within a 200-mle radius at Weks Island was Intensity WV
(FEA, 1976). The epicenter of this earthquake was about 35
ml|es south of Baton Rouge and approxi mately 50 miles northeast
of the island. The quake occurred in 1930 and was felt in
towns as close to Weks Island as Franklin, 17 mles to the
nort heast . The greatest structural damage that resulted from
this earthquake was chimey and wi ndow damage at Napol eonville
50 m | es northeast of \Weks Island (FEA,1976).

The Weeks Island site is located in Seismc Zone 1 (UBC, 1985)
whi ch corresponds to intensities V and VI on the Mdified
Mercal i scale. Earthquakes of these intensities are unlikely
to cause damage to well-built structures or underground
openi ngs.
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APPENDI X B

DATA BASE MANAGEMENT SYSTEM FOR
SALT DOMVE BORI NGS AND
REG ONAL O L AND GAS WELLS

SUMVARY OF COWMPUTER- BASED GEOLOG C ASSESSMVENT

The geol ogi ¢ assessnent of the sedinents surroundi ng and over
the Weeks Island salt dome was acconplished by Dr. Mgorian and
Acres utilizing a conputerized 3-D data-base and several
computer prograns for data analysis. The prograns, which were
devel oped by Acres on an IBMPC, are accessed by a nenu-driven
system This systemis used to nmanage an extensive data-base
and prepare contour maps and section profiles of the strati-
graphy surroundi ng the Weks Island salt done. The maps and
profiles may be transferred to Acres, Conputer Aided Design and
Drafting (CADD) system for plotting and, when conplete, readily
converted to drawings. A generalized schematic of the geol ogic
assessnment procedure is shown in Figure B.I.

The data-base for the Weeks Island salt dome geol ogi c character-
ization was fornulated fromDr. Magorian’s interpretations of
geophysi cal data from approximately 400 oil and gas exploration
wells drilled around the done during the past 60 years. These
data were supplenented with logs fromsalt exploration borings
drilled over the top of the done by the Mrton Salt Conpany and
their predecessor, M/les Salt Conpany and foundation investiga-
tions for the SPR facilities and the new Mrton facility. The
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TABLE C. |

DEFI NI TION OF LEASE SYMBOLS

Table C.1 is an explanation of the |ease synbols used on Figure
5.1, Regional Boring Map. The section(s) where the lease is

| ocated, owner(s) of the lease, and drill operator(s) are
identified for each map synbol.
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TABLE C.1

SANDIA HATICNAL LABORATORIES

WEEKS ISLAND GEOLOGICAL CHARACTERIZATION

DEFINITIONOF LEASE SYMBOLS

MAP SYMBOL  OPERATOR DEFINITION SECTIONS
A SHELL WEEKS [ISLAND -~ STATE UNIT “A” 13,14
B SHELL SMITH- STATE UNIT"8" Ik
c SHELL SMITH- STATE UNIT *¢" 1a
D SHELL SMITH- STATE UNIT "D" 17,20
E SHELL SMITH - STATE UNIT "E" 1%.,20
F SHELL SMITH A - STATE UNIT"F" 41
G SHELL SMITH- STATE UNIT "5" id
H SHELL SMITH- STATE UNIT "H" 14
J EXXON JULIET HILL PROYOST 17,42
K EXXON MIAMEORPORATION 28,35,36
[l SHELL EASEMENT AGREEMENT WITH MYLES SALT WEEKS ISLAND
H EXXON MIAMI  CORPORATION 35,35
U SHELL SMITH - STATE UNIT “I" 13
AG SHELL WEEKS- GALL ~ STATE 12,13
AW SHELL WEEKS GALL i2
BA SHELL - EXXON STATE HEEKS BAY 22,27
BB EXXON BURGUIERES - BENJAMIN 44
BJ SHELL “B"- JOHN AUGUSTINE SMITH 4
BR MORTON SALT BRINE CAVERNS WEEKS ISLAND
CF SHELL CONTINENTAL FEE 14
RN SHELL SMITH - WEEKS - GALL UNIT 14
CK SHELL ~ EXXON J. A_ SMITH - COCKE & GOODRICH 15,22,23
Cu SHELL CONTINENTAL - STATE - WEEKS - GALL UNIT! 14
cw SHELL CONTINENTAL - STATE - WEEKS - GALL UNIT! id
DR SHELL EDWARD S. MILLAR ITI- EUGENE . PATOUT et 4l. 31
ET SHELL - CONTINENTAL EDWARD T. WEEKS et al. t1,12,13,14
o EXXON GOODRICH - HIAMICORPORATION 2%

GM SHELL - CONTINENTAL - EXXON  MIAMI CORPORATION - CONTINENTAL FEE 1,15
GP GULF - SHELL PROYGST CYR - STATE UNIT 18
GR EXXON R. H. GOODRICH ¢ a.

GS EXXON GOODRICH - SMITH

GW SHELL WEEKS - GALL i2
HB EXXON J. M. BURGUIERES CO. LTD 14
HG EXX(ON - CHEVRON HUMBLE FEE - GULF a0
HH EXXON HORTENSE PROVGST GONSOULIN 41
HR EXXON RITAPROVOST MINVIELLE 41
HW EXXON HUMBLE FEE - HEEXS 44,45

JA SHELL JOHN AUGUSTINE SHITH 1

=



HAP SYMBOL

TABLE C.1 {Cont"d)

SANCIANATIONAL LABORATORIES

WEEKS I1SLAND GEOLOGICAL CHARACTERIZATION

DEFINITION OF LEASE SYMBOLS

PAGE 2 OF 2

SECTIONS

1

WEEKS

1

+

“17,24

20
4,15

ISLAND

3,14
i4

41

PERATOR DEFTNITION

SHELL JOHN AUGUSTINE SMITH

SHELL JOHH AUGUSTINE SMITH

SHELL JOHN AUGUSTINE SMITH

SHELL SMITH-STATEUNIT"J"

EXXON MIAHI CORPORATION - SMITH

VARIOUS SALTEXPGRATION

SHELL SHELL - BURGUIERES

SHELL JOHN AUGUSTINE SHITH"C"

SHELL CONTINENTAL - SMITH -HEEXS- GALL UNIT 1
SHELL GONSGULIN -MINVIELLE

SHELL SMITH ~ STATE UNIT "K*

SHELL CONTINENTAL - SMITH - STATE UNIT1
SHELL SHELL - PROVOST - STATE UNI !
SHELL CONTINENTAL - STATE UNIT i

SHELL SHELL - WILLTAMS

SHELL - CHEVRON W. G. WEEKS

EXXON J. M. BURGUIERES CO.

A8




TABLE C. 2

SUMVARY OF WELL CONTROL

Table C.2 is a tabulation of oil and gas exploration wells in
the vicinity of the Weks Island salt dome used for this study.
For each well signified by a | ease synbol and wel| nunber, the
followi ng information is given:

- North and east coordi nates based on the Loui si ana Coordi nate
System (ft).

- Reference elevation in feet above Mean Sea Level

- Total well depth in feet below the reference el evation

- Depth to top of first salt encountered in well (if any). See
Table C.3, Summary of Well Log Interpretations, for

additional layers of salt.

- Date of well conpletion refers to the nost recent | ogging
dat e.

- Wll status refers to the coding shown on Figure 5.1,
Regi onal Boring Map:

0 P = Producing oil or gas well
oD =Dy well
0 A = Abandoned oil or gas well (formerly productive).



TABLE C.2 (Cont' d)

- Wll orientation refers to the vertical orientation of the
hol e:

0 Ver - Vertical well

OInc -1Inclined well drilled along a reasonably straight
l'ine

0 Dev - An inclined well that deviates fromits original |ine
of descent

0 st - Aside track well drilled froman existing well. The

original hole has a standard designation; side tracks
are numbered in order of drilling (i.e., ST-l, ST-2

)



MAP WELL
NUMBER

C04
€05
006

GEULOGICAL CORRELATIONS MADE FR(M ELECTRIC LOGS; SEE TABLE C.3 FOR LOG INTERPRETATIONS

WEEKS

COORDINATES
EAST

422276.6
1547576 421475.8
1847764  422862.3
18479054422813.%
1848917  422616.7
1848032 421963.3
1847216 421037.

1847122 4213311
1847618 423113.
I'sA7350 421713.3
1847178 423181.3
1847692 422265.9
1347133 4224312
1846417 4211420
1847350 422535.0
1844393 421290.6
18473387 4213800.9
1846393  421554.3
1848072  421944.5
1848035 . 421964.6
1852362 4224334
1853498  422297.7
85252% 421539.4
1853977  429'% . .3
1853936  420944.4
1853015 421950.1
1853937  421742.4
1852406  422307.5
1852409  422958.5
1853153  422388.0
1852865 422211.2
1853688  421812.6
1852860 421703.2
1852939  422779.1
1854299  420361.1
1852936 42793 ...1
1856667  419287.4
1854706 421415.3
1855955  419301.1
1855410  419683.4
1854847 422375.%
1854926 420047.6

1343433

~~

TABLE C.2

SANDIA NATIONAL LABORATORIES

ISLAND GEOLOGICAL CHARACTERIZATION

SUMMARY OF WELL CONTROL

REFERENCE TOTAL

15 13003
19 12632
13 13978
19 13860
19 14426
19 12840
13 9596
19 12420
N 14100
19 12542
35 14201
21 1317%
15 13800
19 11178
23 14304
24 13050
30 13150
37 13061
37 11430
37 11320
1% 13999
13 14652
19 12954
19 14905
19 11946
19 13325
19 13296
19 13450
19 13817
20 13872
1% 13890
1% 13950
20 13620
20 14680
34 3012
39 15785
19 12032
19 13818
19 13785
19 12441
19 14468
17 11801

DEPTH

1223s

9250

9700

9250

2755

DATE

11/4%
11741
5/50
6/50
3751
/51
3/51
12751
12/51
7754
6/54
3/58
1/58
1/7a
1/53
1/34
3154
12/47
5/43
10/45
3145
5149
9/49
1/49
7/50
1/51
2/61
4/51
&/51
7159
11759
7179
11/83
9/48
8149
11/50
12/51
2/52
11/56

WELL
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WELL

NORTH ELEVATION DEPTH TO SALT COMPLETED STATUS ORIENTATION
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i
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TABLE C.2 {Cont’d)

SANDIA NATIONAL LABORATORIES

WEEKS ISLAND GEGLOGICAL CHARACTERIZATION

SUMMARY OF WELL CONTROL

MAP WELL COORDINATES REFERENCE TOTAL DEPTH DATE NELL WELL
NUMBER EAST NORTH ELEVATION DEPTH TO SALT COMPLETED STATUS ORIENTATION

co? 1856247 415716.0 2 14390 2/58 P DEV
€08 1856420 418922.0 20 14030 5/58 P DEV
€0 1856248 420599.2 23 14424 10/58 D DEV
€10 1855703 422594.1 2 14880 7165 P DEY
el 1854117 420034.7 36 11801 2800 376 P DEV
Cl2 1855665 421969.% 19 11520 2/46 D INC
bo1 1857602 417955.6 19 14485 7/50 D INC
D02 1358576 418318.3 19 15590 10/54 P INC
003 1858995 418272.4 19 15546 8/55 P ING
D04 1857966 419191.8 31 15365 6/7% P DEV
D05 1857562  419187.4 4 15580 7/84 P DEV
£ot 1857838 - 415415.0 19 13868 6/51 P INC
E02 1856376 414286.5 19 888 5/60 D VER
£03 1856678 414271.3 2 10041 5900 7/60 p ST
E03-ST1 1856678 4142713 26 12052 16/60 D ST
E04 1856904  414029.2 20 13060 2/67 P DEV
E0S 1856127  413460.5 26 8117 8050 6/73 D ST
E0S-STL 1886123 4'3460..5 2 11130 10560 7173 D ST
E06 1856955 414174.0 20 13520 374 D ST
E06-STL 1856958 414174.0 20 120% 574 D ST
Fol 1554790  424356.5 19 15346 4f52 P INC
Fo2 1854509 424703, ..3 25 15752 11/60 p DEV
FO3 1856140  424835.5 2 16725 377 P VER
601 1845369  421534.1 13 11478 10270 1/54 P VER
602 1846195  422272.1 18 13712 18/54 P DEV
603 1845174  422173.9 22 13437 6{74 P DEV
604 1845175  422169.0 33 13441 3/83 P DEV
HO! 1844455 420624.7 13 11642 1/53 P INC
HO2 1844764  420335.7 19 11080 6/53 P INC
HO3 1845399 420565.5 13 9792 /83 D VER
HO4 1844134 420941.6 17 10845 3/54 P VER
HO5 1845237  420746.5 19 11275 4/55 P VER
HO6 1844480  420850.2 3l 10866 11/67 D ST
HO6-STL  1B44480 420850.2 3l 11552 11/67 P ST
HO7 1845710  420160.3 28 1959 /72 D VER
HO8 1845698  420162.4 28 7557 2480 3/72 D INC
101 1857651  427323.4 19 17783 2/58 P DEV
Jo2 1857626  425963.2 19 17458 8/55 D INC
J03 1858067 421708.3 28 15775 12/61 D VER
Jo4 1857742  424776.6 30 17400 9/62 P DEV
J05 1359804  423994.0 2 17794 11/63 P DEV
J06 1857745  422140.6 25 15976 3164 D INC

GEOLOGICAL CORRELATIONS MADE FROM ELECTRIC LOGS; SEE TABLE .3 FOR LOG INTERPRETATIONS

s
n
[e]
57
Pedel

[y



MAP  WELL
NUMBER

K0!
K01-3T1
K02
{IN
K04
K05
K06
Ko7
K08
K09
MO1
MO2
MO3
MO4
MO05
H05-ST!
MO06
Mo7
Hog
M0
Hig
#10-871
MI!
MI2
H13
Mi4
MI5
M6
w17
MI8
M19
M20
21
M22
M23
M24
M25
H26
M27
0!

GEOLOGICAL CORRELATIONS MADE FROM ELECTRIC LOGS; SEE TABLEC.3 FOR LOG INTERPRETATIONS

SANDIANATIONAL LABORATORIES

TABLE C.2 (Cost’:)

WEEKS ISLAND GEGLOGICAL CHARACTERIZATION

COORDINATES

EAST

1862161
1862155
1850320
1850320
1851114
1850023
1851552
1848222
1845625
1848223
1851757
1847443
1849837
1849111
1851356
1852443
1852213
1852213
1852349
1855604
1848815
1848871
1853065
1853065
1855240
1851416
1850434
1849976
1845018
1854531
1850167
1854165
1852359
1851572
1850046
1850201
1851280
1850111
1851246
1852337
1850190
15346961

421833.2
421934.3
410148.9
410148.9
408638.7
408601.3
407647.6
406037.3
409319.6
409058.4
408977.5
408778.5
421842.5
421754.1
421464.9
420820.35
421085.5
421085.5
421204.6
419197.1
421439.3
421378.4
420735.6
420735.6
412402.4
421303.2
421227.9
421036.9
421715.8
411768.3
411912.3
413321.2
412126.5
421523.8
421894.8
421493.3
421565.3
421482.6
421803.4
421224.1
422055.5
405285.5

SUMMARY OF WELL CONTROL

REFERENCE TOTAL
NORTH ELEVATION DEPTH T SALT COMPLETED STATUS ORIENTATION

19
13
13
39
23
26
22
31
23
20
37
23

23

12150
12192
12500
12390
11980
12473
12561
10899
12252
11580
12552
11623
11985
2402
10452
12503
11743
12103
12208
12096
11150
119
3033
2521
2576
13142
13203
12423
11617
11764
12447
13755
10665
14205

DEPTH

1720
5500

2780
2830

2390
10280
1808

2390
1470

1750
1250
1270
1500

2760

DATE

5/5%
3/59
11/5%
11766
2/67
2/69
1/8
12/34

2754

WELL

© Y U U U U U U U 9O 9O 9 U U U U U U9 Uy U U U U U U UuUoO>r»>TT O T oo > 00 0o

WELL

DEV
DEV
DEV
INC
VER
DEV
DFV
VER
INC
DEY
DEV
DEV
DEV
INC
DEV
DEV
DEV
VER
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MAP WELL
NUMBER EAST

ol 184'1746
o2 154573
ue3 1851086
o4 1850384
ugs 1850569
uos 1849915
o7 1851550
ues 1850910
ugy 185174
uic 1850505
uil 1849763
Uiz 1850793
AGD1 1851081
AGO2 1851118
AGO3 1849591
AWOL 1850593
AW02 1849275
AWO3 1849276
BAa01 1842503
BAQ2 1843522
BAOS 184~418 -
BAO4 1843324
BAGS 1843716
BAQe 1843757
BAQ7 1844259
BAOS 1844492
BAO? 1843535
BALD 1844854
BAll 1845068
BAL3 1843214
BA14 1843655
BA15 1844247
BAle 1844495
BAL7 1542353
BALE 1843818
BAlS 1843335
BA20 1843085
BA21 1843561
BA22 1843281
BAZ23 15743072
BA24 1844031
BAZ4-5T1 1844031

GEOLOGICAL CORRELATIONS MADE FROM ELECTRIC LOGS,; SEE TABLE C.3F(RL(G INTERPRETATIONS

SANDIA NATIONAL LABORATORIES

TABLE C.2 {Cont'd)

WEEKS ISLAND GEOLOGICAL CHARACTERIZATION

COORDINATES
NORTH ELEVATION DEPTH TO SAL? COMPLETED STATUS ORIENTATION

422681.0
423056.3
423101.9
422229.4
4227204
423764.3
422705.6
3310 .3
423023.0
422601.5
423034.4
423474.3
424451.6
425387.

424421.1
425820.9
425922.6
425301.3
416528.4
416525.3
415741.8
414138.2
415821.0
414250.6
413623.5
413094.9
417190.2
412405.9
412212.9
413834.4
415481.4
414031.9
413509.5
410304.1
416484.2
417167.7
416842.5
417643.6
418176.5
417352.4
412289.0
41223%..0

SUMMARY OF WELL CONTROL

REFERENCE TGTAL

15823
15329
10934
9450
10002
3143
9251
9623
5352
2497
5482
3205
3048
10243
3251
3798
8986
14780
3837
9437
3876
9676
10618
10502
10023
105136

DEPTH

DATE

5/49
12/43
3/50
1/40
9/51
5/59
5/65
5780
12/49
5/50
7/4%
10/5!
12/58
1/52
5/47
3/47
3748
1/49
3/48
5/4%
7145
11749
1/50
3/50
10/50
5/54
3/57
5/57
7157
1/60
5/65
12/75
4/76
3/76
49/76
3177

o f7
af 7/

9/77

WELL

O 9O Y U VY U9 YU U U YUY U U9 U U U U YU U > U U U U U U U U U U U U U U U O U O O

WELL
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MAP  WELL
NUMBER

GPO2
GPO2-ST!
GPO3
GPO4
5P04-ST]
GPO5

SANDIA NATIONAL LABORATORIES

TABLE C.2 {Cont'd)

WEEKS ISLAND GEOLOGICAL CHARACTERIZATION

COORDINATES

EAST

851769
1851335
1846073
1845896
1852293
o BR2268
1844287
1848615
1848229
1842406
1843279
1844134
18430738
1844611
1843078
1844408
1843746
1845416
1844647
1852382
1854763
1847936
1847471
1346676
1845318
1843936
1846807
1848045
1348416
1848610
4537%-
1849045
1849205
1847607
1842879
1856631
1856610
1856610
1856264
1856811
1856811
1356302

410945.3
411076.1
421083.2
421420.5
419253.0
413533.5
422649.2
423984.4
423107.4
420522.9
420140.3
419860.6
4192%6.2
419081.8
419256.2
419128.5
423923.7
423941 .0
423536, .4
428328.5
429582.1
425734.2
4242347
425403.7
425815.0
425838.2
426101.9
425957.3
424%93.1
425646.1
426212.8
424257.5
423751.2
410035.7
424088.2
417984.5
4174244
417424.4
418345.6
416788.2
416788.2
417986 . . 4

SUMMARY OF WELL CONTROL

REFERENCE TOTAL
NORTH ELEVATION DEPTH TO SALT COMPLETED STATUS GRIENTATION

19.45
19
19

29
i

1%
13
21
23
32
40.5
33
19
19
1%
36
21
15
13
19
19
22
18
21
19
21

I}
7

19
18
19
19
19
19
19
1%
19
19

6002

4484
11215
11395

1268

1510
13769
14458
14436
11736
11448
10766
10788

5303
10333
10875
14546
14445
14433
17669
19444
15345
14472
15177
15767
15340
15915
15940
16381
16700
15816
14478
14402
10750
14622
13755
11074
11600
11598
10364
11150
11557

DEPTH

4347
3520
10160

5120

5850

2620

DATE

10/51
1/71
12/54
11/53
11/86
6/78
463
453
3/56
4/52
3/53
2/53
a7
772
3/79
1755
10754
10753
1/54
5/55
a/s
7/52
10/52
1/53
4/53
2455
10/89
7/5%
10/56
2/57
3/40
6/52
11/54
3/62
10/57
9/49
3/50
117350
5/51
9/51
3/51
9/52

WELL

T 9 9 YU U9 9 » U U U U U9 U U U U U U U >» P U U U U U O U U O O > U UDO O U U O >

WELL

DEV

ST
ST

GEOLOGICAL CORRELATIONS MADE FROM ELECTRICLOGS; SEE TABLE C.3FURLOGINTERPRETATIONS
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MAP  WELL
NUMBER

SANDIA NATIONAL LABORATORIES

TABLE C.2 {Cont'd)

WEEKS ISLAND GEOLOGICAL CHARACTERIZATION

COORDINATES

SUMMARY OF WELL CONTROL

REFERENCE TOTAL

DEPTH

DATE

WELL

WELL

EAST NORTH ELEVATION DEPTH T0 SALT COMPLETED STATUS ORIENTATION

&P05-ST!
GPO6
GPQ7
GPO8

GPOE-ST1
GRO!
GRO3
GRO5

GROS-ST!
GROs
GRO7
GRO8

GRO&-ST1
GROY

GRO9-ST1
GR1G
GR11
GR12

GR12-STl
GR13
GR14
GR15

GR15-8T1
GR16

GR1&-STI
GR17
GR18
GR13

GR19-5T1
GR20
GR21
GR23
GR24
GR25

6R25-571
GR26
5501
GWO1
GHO2
HBC1
HBO2
HBO3

1856302 417986.4
1856521 418339.5
185662'9 418349.4
1856'910 415103.3
1856910 415103.3
1844448 416534.9
1844177 415705.4
1843738 418243.1
1843738 418243.1
1843969 414997.2
1843916 418032.5
1845094 413195.3
1845094 413195.8
1844483 414505.5
1844483 414505.5
1844772 413091.6
1844951 412622.1
1845438 412180.4
1845438 412180.4
1345634 411431.4
1844878  413876.2
1846133 411039.8
1846133 411031.8
1844827 415830.1
1844827  415830.1
1844607 415154.3
1844827 417795.0
1846000 412021.4
1846000 412021.4
1846391 409507.0
1844074 415359.4
1844800 413341.5
1843938 417711.9
1844007 414798.6
1844007 414798.6
1845352 411736.4
1848024 411020.0
1850612 426907.6
1850908 427991.8
1853504 410069.7
1853680 409442.5
1854615 409096.9

5185 5170
7962 7894

3498 3089
5704 5670

8436 8402

7112 3950

12/52
10758
&/5%
2/60
1217
11/47
3/48
7/45
9/48
16/48
12/48
5/49
8/49
11749
12/48
4/50
4/50
5/50
6/50
2/50
9/50
2/51
3/51
§/52
5/52
11752
9/52
11752
2/53
10/353
7157
3/57
1/61
1/76
2/76
12/76
6/64
2/53
7/60
3/46
1/47
3/47

> O O > U O O U U U U U O PO >0 U9 U0 D 09 U U U U999 09 9 v 9O ou oo "u o

INC
DEV
ST
ST
INC
INC

ST
ST
ST
INC
DEV
ST
ST
DE?
DEV
ST
ST
ST
ST
INC
VER
ST
ST
INC
DEV
DEV
DEV
ST
ST
DEV
DEV
DEV
INC
INC
INC
DEV

GEOLOGICAL CORRELATIONS MADE FROM ELECTRIC LOGS; SEE TABLE C.3FUR LOG INTERPRETATIONS
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TABLE .2 {Cant'd)

SANDIA NATIONAL LABORATORIES

WEEKS ISLAND GEOLOGICAL CHARACTERIZATION

SUMMARY OF WELL CONTROL

REFERENCE TOTAL

NORTH ELEVATION DEPTH To SALT COMPLETED STATUS ORIENTATION

MAP WELL COORDINATES
NUMBER EAST
HBO4 18356758  408670.5
HBOS 1853287 411369.1
HBO& 1892635 411152.3
HBG7 1852035 41080%.7
HBOE 1852076 411030.%
HBOS 1853635 410844.5
HB1D 1854002 40Y623.3
HB11 1854834  409305.7
~. HB12 1854615  409097.%
HB13 1853939 409311.4
HR13-ST1 1853939 4093114
HB13-5T2 1883939 409311.4
HB14 1853322  409956.8
HB1S 1853463  410343.7
HRle 1853201  411525.9
HB1£-ST1 1553201 411525.Y
HGO1 1853507  408286.7
HGO2 1852601 408719.4
HGO3 1853237 406997 .4
HGO3-ST1 1853237 40aw37.4
HG04 1855668 412963.1
HG04-ST1 1855668 412953.1
HGO5 1856173 412959.7
HG0A 1852551 409519.4
HGO7 1852454  409291.5
HGOS 1852567 409881.4
HHO1 1855003 425611.8
HHO2 1856287 426016.0
HRO1 1855197  427298.2
HRO2 1854297 427304 .%
HWO! 1855658 410042.1
HWO02 1853705 411880.5
HWO3 1854608 410807.9
HW03-ST1 1854408 410807.9
HWO4 1853859 411868 %
HHOS 1855642 411983.1
HWOS-ST1 1855642 411983.1
HW06 1854022 411601.3
JAGL 1854773 423002.1
Jag2 1855257  423651.1
JAO3 1856191 423602.6
JBO1 1853507 4249%3.1

GEOLOGICAL CORRELATIONS MADE FROM ELECTRIC L{GS; SEE TABLE C.3 FOR LOG INTERPRETATIONS

DEPTH

13 13604
13 7723 7535
13 5652 5570
13 7495 7475
13 5638
19 10183
g 11883
13 13509
19 12622
1% 11511
19 13081
&) 12250
23 11759
27 10440
31.3 5320 5305
31.3 3686 5655
19 13392
19 12880
20 13033
20 11403
21 10407 10350
21 11420 10460
21 13300
21 11992
26 11975
22 10322
19 17334
19 1689
19 17644
19 17666
13 14012
19.3 6100 5060
1% 10603
19 11210
13 5848
21 10734
21 1388
7 7843 7793
19 15084
19 15307
25 15814
19 15344

DATE

5/45
6/49
10/49
11/49
1/50
7/56
11/50
9/51
12/52
4/53
6/53
12/53
12/61
2/73
7/82
7/a2
11/47
3/52
4/54
10/66
2/61
4/61
3/41
5/61
4/66
10/66
3/53
5/55
5/54
Y/54
4/49
5/49
5/51
4/51
3/52
10/51
3/62
4/63
10/48
2/59
2/63
11/51

WELL

WELL

DEV
DEY
ST
ST
DEV
DEV
ST
ST
ST
ST
DEV
INC
DEV
IHC
DEV
DEV
INC
INC
INC
INC
ST
ST
INC
ST
ST
INC
INC
DEV
DEV
INC

T

[y

E70F§



SANDIA NATIONAL LABORATORIES

TABLE C.2 (Cont’d)

WEEKS ISLAND GEOLOGICAL CHARACTERIZATION

SUMMARY OF WELL CONTROL

REFERENCE TOTAL

DEPTH

DATE

WELL

WELL

NORTH ELEVATION DEPTH TO SALT COMPLETED STATUS ORIENTATION

MAP WELL ~ COORDINATES
NUMBER EAST
JBO2 1851975 425004.9
JDo1 1852312 407614.6
JD02 1853612 406309.6
JEQL 1861949 4179244
Js01 1844119  420523.0
#S01 1851186 410822.9
MS02 1850586 410842.5
MS03 1549946 411009.5
HS03-ST1 1849946 411009.5
NSO4 1349238 410%07.4
MS06 1849155 410786.7
HYol-MY137 ¥ - SEE TABLE
5801 1856785 404046.2
SCO1L 1849194 423348.3
SC02 1848264 423295.2
5601 1846214  423897.35
SG02 18463852  423932.0
5603 1846005 423362.3
5604 1846762 424241 .9
56038 1846760 424244.8
SHO1 1852275  425810.5
SH02 1853563 426913.8
SH03 1853776 427478.4
SHO4 1852479 426186.8
SK01 1858526  419980.6
RhiD)] 1846244  423031.2
SMo2 1846213  422663.7
SHOS  1345%61 423048.4
SPOL 1857594  420333.4
SP02 1859023 4206531
SPB3 1858306 420402.1
STOl 1845863 422903.0
SWBI 1860326 415048.6
WG01 1847732 428005.3
We02 1848303 430003.5
WG03 1348206  428370.8
HG04 1846828  428568.3
WGOS 1842810 425%45.3
WG06 1544319 429998.5
XB02 1861899  408745.5
XB03 1855253  406911.4

1%

9
15
7
19
7

14
a7

1%
19
19
25
13
19
19
27
20
25
19
27
24
23

16831
13540
14915
17722
10900
7300
5929
5352
5839
5585
5519

15488
14144
14150
14433
14418
14407
15217
15756
16640
18469
16954
17068
15941
14235
13598
14127
15201
16077
15553
14148
15841
17786
20430
16957
17247
15742
17581
17311
14994

7290

5320

5350
5501

o O > O > > Uttty > o

€2 O ¢ UK U > U U U &) U U U "W U U U P U U U U O O O T >

GEOLOGICAL CORRELATIONS MADE FROM ELECTRICLOGS; SEE TABLECL.3FOR LOG INTERPRETATIONS
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TABLE C. 3

SUMVARY OF WELL LOG | NTERPRETATI ONS

Table C. 3 defines geologic interpretations of electrical |ogs

for wells listed in Table C 2, Summary of Well Control. The
depths to each stratigraphic unit are measured in feet bel ow
the well reference elevation (REF. EL). The stratigraphic

synbols are defined in Sections 4.3 and 5.2 and sunmari zed on
Table 5.1. The follow ng additional synbols are used:

870F60: At 870 ft below the reference el evation, the well
intersects a fault with 60 ft throw as inter-
preted fromcorrelation with nearby wells.

9250WN: At 9250 ft below the reference elevation, the well
encounters mneralization.

2780TS: At 2780 ft below the reference elevation, the well
enters salt (Top-of-Salt).

3410BS: At 3410 ft below the reference el evation, the well
exits salt (Bottomof Salt).

14420Pr : At 14420 ft below the reference elevation, the
wel | encounters over-pressurized shal e.

At the bottom of each colum, the neasured total depth (TD) of
each well is given in feet bel ow reference el evation.



T4BLEC.3

SANDIA NATIONAL LABORATORIES

WEEKS ISLAND GEOLOGICAL CHARACTERIZATION

SUMMARY OF WELL LOG INTERPRETATIONS

900
1115
1290
1955
2170
2960
3300
5905
6430

8380
3670

10410

10940

11180
12475

58
1110
1300
1650
2145
2940
3260
5880
7255

3250
9660

10410

10920
11190
12420

13320

WELL NAME A01 A02
REF. EL. 19 19
SYMBOL
TL 120 122
S
cc
Wi 225 225
2 360 350
A 550 530
S 950 755
I 1085 783
P 1260 1100
KA 1845 1620
NE 2130 2080
TP 2885 2690
WP 4300
MID 5820 5700
L 7070 6650
6520F 1500
2L 3840 8320
2 7550 3010
W 10235 10035
BH 10780 10710
Cl 11020 11215
co 12070 11600
12235MN
12400MN
AB 12810 12540
L) 13003 12632

13978

13860

PAGE 1 OF 43

240
370
560

830
1100
1300
2155
2340
2940
3280
5870
7225

8925
9630

10375

10885
11140
12330

14426

350
1080
1235
1820
2200
2720
3200
5785
6920

8785
3430

10215

10705

10920

11920

12750

12840

230
350
310

760
230
1050
1740
2090
2670

265
h050
7675

8585
F250MN

9594

220
350
530
A70F£0

1020
1140
1825
2145
2660

5360
4710
7030F700
2090

7310

F440HN

Je60MN
10350
10530
11445

12205

12420

REF. EL. IS RELATIVE To MEAN SEA LevEL (FT.}; ALL DEPTHs ARE weAsURED INFEET BELOW rer. EL.



TABLE C.3{Cont 4} PAGE 2 OF 43

SANDIA NATIONAL LABORATORIES
WEEKS ISLAND GEOLOGICAL CHARACTERIZATION

SUMMARY OF WELL LG INTERPRETATIONS

WELL NAME A09 Al0 All Al2 A3 Al4 Al5 Al6
REF. EL. 19 19 35 21 19 19 23 24
SYMBOL
7L 121 122 173 141 120 120 2536 2436
cS 150
cc 150
(1 240 230 260 230 250 220
2 370 365 380 360 370 350
A 570 560 600 560 570 540
S 820 860 520 890 880 790
| 1120 1075 1160 1110 1120 1030
P 1295 1210 1290 1240 1250 1170
KA 590 1820 1930 1855 1940 1755
NE 2195 2170 2200 2215 2255 2280
TP 2970 2690 3000 2760 2935 2640 2350
WP 3300 3400 3710 3630
W10 5770 435 5850 5365 5340 5850 5405
L 7150 6830 7545 7090 7175 6480 7190 6430
2L 9010 5440 9030 8865 3390 8250 3925 4390
2 9700 9325 9740 9560 9575 8945 3640 5040
2050F250
W 10450 10100 10480 16290 10305 9470 1030 10000
9700M8
EEN
BH 10980 10780 11275 11015 10820 10890 10650
10915F350
I 11230 11995 11655 10830 11105 11010
o 11930 11700 12650 12140 12210 12300 12705
AB 13610 12400 13630 13080
i 14100 12542 14201 13179 13500 11174 14304 13050

REF. EL. ISRELATIVE T MEAN SEA LEVEL (FT.); ALL DEPTHS ARE MEASURED IN FEET BELOW REF. Et.



WELL NAME Al:

L
cs
cc
Wl
20

HI0

il

BH
Ll
B5
Co
AB
R43
0P

1l

2730
5430
7030
8625
9405
10155

10655
10855

12655

13150

AlS

2760
5470
6940
3550
9305
10095

10565
10760

11775

13061

TABLE C.3 {Cont'd)

SANDIA NATIONAL LABORATORIES

Al9 A20
37 37
4492 2512
57s0 5610
6500
7930 7785
8500 9415
9250MN
9785MN
9990 10100
10650F 300
10510
10785 10710
11430 11320

SUMMARY OF WELL LOG INTERPRETATIONS

600

880
1180
1410
1860
2150
2630
5910
8550
5800F750

3480

10390

10850
11170
11910
12450
13430

13999

WEEKS ISLAND GEOLOGICAL CHARACTERIZATION

435

600

a5
1190
1355
1840
2155
2885
5940
8580

*9375
10290

11180

11660
11930
12400
12684
13690

14652

220
470
575
830
1120
1350
1795
2160
2790
5760
4310

8620
9505
10230
10695
10930

11500
11950

12954

PAGE 3 OF 43

SYMBOL

220
390
590
a9s
1150
1350
1830

(21
2245

2920
3990
8650

9430
10275

11240

11740
12215
12600
13280
13690
14110
14600

14905

REF. EL. IS RELATIVE TO MEAN SEA LEVEL (FT.); ALL DEPTHS ARE MEASURED IN FEET BELOW REF. Et.



TABLE C.3 (Cont'd) PAGE 4 OF 43

SANDIA NATIONAL LABORATORIES
WEEKS ISLAND GEOLOGICAL CHARACTERIZATION

SUMMARY OF WELL LOG INTERPRETATIONS

WELL NAME BOS B06 BO7 BOG B09 B10 Bl g12
REF. EL. 19 19 19 19 19 20 19 19
SYMBOL
TL 118 £60 119 122 22 122 120 450
cs 150
cc 180
Wi 230 225 230 230 240 230 230
2c 475 370 465 470 460 465 390
A 575 385 600 600 600 400 600
S 875 900 aal 865 880 560 870 480
| 1085 1165 1165 1160 1170 1175 1185 1175
P 1230 1405 1350 1440 1420 1390 1410 1340
KA 1790 1830 1875 1840 1870 1845 1840 1360
NE 2210 2260 2295 2135 2285 2150 2130 2275
TP 2668 2860 2890 2865 2105 2550 253 25350
MP 4875
M0 5750 5360 5940 5890 5950 5975 5900 5910
L 7650 3550 8490 5415 8520
2L 2060 2210 9260 8730 3880 9340 10145 9290
2 3305 10050 10060 9260 9420 10400 10860 10105
W 10840 10950 11050 10350 10430 11210 11860 11080
BH 11455 11455 11650 10840 10950 11750 12155
Cl 11860 11780 12020 11110 11240 11900 12340 11210
BS 12095 12420 11720 11940 12310 13030 12230
co 12290 12600 122'90 12650 12520 13530 12500
AB 12850 13340 13380 13205 13130
R43 13210 13700 1348 13590
D 11946 13325 13216 13450 13817 13872 13890 13950

REF. EL. IS RELATIVE TO MEAN SEA LEVEL (FT. }; ALL DEPTHS ARE MEASURED IN FEET BELOW REF. EL.



TABLE €.3 {(Cont’d) PAGE 5 0OF 43

SANDIA NATIONAL LABORATORIES
WEEKS ISLAND GEOLOGICAL CHARACTERIZATION

SUMMARY OF WELL LOG INTERPRETATIONS

WELL NAME B13 B14 . B15 Bl col co2 co3 co4
REF EL. 20 20 34 39 19 19 19 1%
SYMBOL
L 2522 2513 833 2540 121 9510 214 116
Wi 230 210
2C 350 340 38
A 570 540 535
S 830 7490 800
I 920 1100 1050 370
P 1080 1460 1250 1170
KA 1330 1850 1750 1665
NE 1750 2260 2100 2050
P 2820 2870 2280 2940 2815 2755 2710
278078
341083
3610TS
375083
4975TS
5373MN
5730MN
7430MN
MID 5825 5940 5570 5730 5630 5570
L 7390 3120 5108
2L 9145 8890 9120 3960 9035
2 3960 9440 9970 10060 7810 3750
W 10780 10455 10500 10780 11100 10620 10700
BH 11375 11200 1121s 11425 11800 11210 11180
€1 11660 11490 11510 11655 12130 11480 11400
8BS 11985 12080 12040 12705 12190 11750
Cco 12140 12640 12630 13350 12650 12170
12950F700
AB 12730 13380 13730 13320
R43 13100 13720 13540
op 14300 13400
CII 13920
MA 14885
D 15630
D 13620 14680 8012 15785 12032 13818 13785 12441

REF. EL. ISRELATIVE TO MEAN SEA LEVEL (FT.); ALL DEPTHS ARE MEASURED IN FEET BELOW REF. EL.



TABLE C.3{Cont'd) PAGE & OF 43

SANDIA NATIONAL LABORATORIES
WEEKS ISLAND GEOLOGICAL CHARACTERIZATION

SUMMARY GF WELL LOG INTERPRETATIONS

WELL NAME cob5 06 £07 o cob 10 Cl1 Cl2
REF. EL. 13 19 21 20 23 21 36 15
SYMBOL
L 120 120 2516 2528 2500 2512 306 Ho
Wi 220 210 220
2 37 405 370
A 590 530 630
S 910 790 &30
370F300
I 1170 1180
P 1360 1130 1140 1510
KA 1895 1525 1550 1GA0
NE 2280 1840 1820 2315
73578 2800TS
3220BS 321083
TP 2905 2850 2600 2970 3000 2520
HP 3250
HIO 3595 5750 5680 9830 5980
L 3530 7400 7380 8390 7555 73135 7270
2L 9370 85960 9200 9060 9320 5380 ‘9100 3345
2 10250 9675 10005 9835 10150 10230 5740 10200
10710F200
W 11230 10555 10800 10750 11045 11230 10530 11240
BH 11890 11180 11420 11316 11620 11910 11160
Cl 12200 11500 11755 11590 11935 12260 11430
BS 12730 125790 12280 12365 12750
12740F200
co 13330 13330 12970 13875
AB 1372 14020 13550 13325 13550
R43 14230 13940 13690
op 14160
14420Pr
L) 14468 11801 14390 14030 14424 14880 11801 11520

REF. EL. ISRELATIVE TO MEAN SEA LEVEL (FT.); ALL DEPTHS ARE MEASURED IN FEET BELOW REF. EL.



TABLE C.3{Cont’d) PAGE 7 OF 43

SANDIA NATIONAL LABORATORIES
WEEKS ISLAND GEOLOGICAL CHARACTERIZATION

SUMMARY OF WELL LOG INTERPRETATIONS

WELL NAME D01 D02 D03 D04 DOS E0L E02
REF. EL 15 15 15 31 41 15 15
SYMBOL
L 120 120 3551 2572 3012 120 140
cs 160
cc 150
Wi 240 210 200 200
2c 34s 350 34s 37s
A 980 625 540 540
S 870 395 870 770
| 1220 1230 1035 260
P 1350 1370 13135 1245
KA 1870 1860 1770 1700
NE 2155 2225 2050 2030
TP 2875 2500 2750 2620
MP 4298 4260 4250 4020 3100
MIO0 3600 5670 5700 5830 5825 5520 5050
L 8215 8380 8380 7663
2L 5085 5210 523s 5320 5320 8860
9930F 130
2 9945 10070 10100 10060 10060 5685
10760F100
W 10750 11060 11140 10920 10850 10720
11580F 100
BH 1141s 11650 11680 11685 11320
£l 11650 11800 1153s 12020 12005 11675
B3 12050 12255 12330 12440 12450 12010
o 12635 12530 13050 12665 12650 12665
AB 13365 13370 13500 13250 13215 13010
R43 13740 1371s 13830 13595 13585
0P 14280 14485 14650 14340 14390
eIl 14530 15160 14765 14875
CA 15270 15505 15520
D 13820
1D 14485 15550 15556 15365 15580 13868 5838

REF. EL. IS RELATIVE TO MEAN SEA LEVEL (FT.); ALL DEPTHS ARE MEASURED IN FEE? BELOW REF. EL.



TABLE C.3{Cont'd} PAGE & OF 43
SANDIA NATIONAL LABORATORIES
WEEKS ISLAND GEOLOGICAL CHARACTERIZATION

SUMMARY OF WELL LOG INTERPRETATIONS

WELL NAME E03 E03-ST1 E04 £05 E0S-ST1 E06 £06-ST1 Foi
REF. EL. 26 26 20 26 26 20 20 19
::::::::'.Z’I.'..'.'_‘_‘.'_‘_'_‘.'_'_‘_‘_‘:'_'.'.'.‘..'_'_'.'_‘_'_'.'_'.'_'.‘.".‘_‘.‘..'..‘..‘_'_"_"6""""""":::::::::::::::: jadindufedofiagegiuiniuboloiiuinfubepuiugapupepubvi
SYMBOL
L 130 3920 3012 3032 8500 3002 2500 117
W 200 258
2C 360 38
A 550 630
S 780 905
I 1005 1190
P 1270 138
KA 1720 430
NE 2060 2280
TP 2760 2820
WP 3180 3245 3200 3260 4385
HIO 5260 5380 5260 5420 5920
5500TS 305078
613085
L 7810 7165 3400
2L 8540 8705 3630 7724 75
2 3280 3340 3550 3360 9750 3740 10335
3550F250 1056075
W 3860 10000 10450 10570 10540 11385
1062073 {177061109
10772BS
1080078
BH 11320 11000 11165 11070
Cl 11790 11560
BS 12160 11960
o 12570 12390 12418
AB 12870 12%63
R43 13370
g 14150
CII 14725
CA 15210
D 1094 12052 13060 8117 11130 13520 12096 15346
REF. EL. ISRELATIVE TO MEAN SEA LeveL (FT.); ALL DEPTHS ARE MEASURED N FEeT BELOW REF. EL.



WELL NAME Fo2 FO3
REF. EL. 25 26
SYMBOL

TL 3043 3006

Wi

2c

A

S

I

P

KA

NE

TP

P
HIo 5935 5890
L 8690 8315
2L 2450 9400
10340 10255
11330 11300

11320F700 10270MN
10370MH

BH 11805
11830F500

£l

85 12020
co 12590
AB 13010 13070
R43 13425 13470
0P 14205 14310
CII 14805 14945
CA 15285 15330
HA 15810
SD 16430
1) 15752 16725

WEEKS

SANDIA NATIONAL LABORATORIES

565

930
1105
1250
1880
2240
2770
4330
5470

7090

8710
9395

10100

10810

11450

11478

TABLE C.3 (Cont’d)

580

840
1130
1250
1910
2250
2800
3640
5530

3080
8850

3335
10270

10775

12200
13525

13712

SUMMARY OF WELL LOG INTERPRETATIONS

5530
7250
4880
2550
10255

13120

13437

ISLAND GEOLOGICAL CHARACTERIZATION

5530
8020
8840
25635
10280

11030

11725
13240

13441

000
370F30

740
1055
1275
1780
2215
2740
3570
5390

GEER
8490
7163
2620
10325

10480

11642

PAGE 9 OF 43

390

a00
1040
1260
1630
2290
2660
3395
5345
GOOF150

5290

8930
9580

11680

REF. EL. IS RELATIVE To MEAN SEA LEVEL {FT.); ALL DEPTHS AREMEASURED N FEET BELOW rer. EL.




TABLE C.3{Cont'd) PAGE 10 OF 43

SANDIA NATIONAL LABORATORIES
WEEKS ISLAND GEOLOGICAL CHARACTERIZATION

SUMMARY OF WELL LOG INTERPRETATIONS

WELL NAME HO3 HO4 HO5 HOé HO6-ST1 HO7 HOg Ja1
REF. EL. 1% 19 15 31 31 28 28 1%
SYMBOL
L 120 120 120 2004 9850 167 250 4447
W 220 220 220
2 440 530 435 370 360
330F30
A 550 550 540 533
S 895 550 200 810 705
I 1050 1120 1100 1030 1020
P 1200 1245 1215 1130 1130
KA 1770 1840 1810 1590
NE 2235 2305 2290 2310 2080
248075
3640835
P 2665 2750 2710 2760
P 3575 3505
HI0 5330 338 5420 5250 5780
L 6750 7140 5550 7040 8235
7420F450 7350F100
i 8120 8545 8360 8550 9180
2 $770 3240 5050 9210 10050
9000F 300
I 3240 9910 3770 3875 11045
J310MN F560MN
10110MM
BH 10620 10360 10410 11745
1 10925 11100 12170
12710F500
AB 13140
R43 13708
op 14480
Cll 15170
MA 16120
D 16830
1)) 9772 10845 11275 10666 11552 1359 7557 17783

REF. EL. IS RELATIVE TO MEAN SEA LEVEL {FT.}; ALL DEPTHS ARE MEASURED IN FEET BELOW REF. EL.



TABLE C.3 (Cont'd)

SANDIA NATIONAL LABORATORIES
WEEKS ISLAND GEOLOGICAL CHARACTERIZATION

SUMMARY OF WELL LOG INTERPRETATIONS

WELL NAME JO2 JO3 Jo4 JO5 J06 Jo7
REF. EL. 19 26 30 27 25 23
SYMBOL

L 3042 3013 3165 2930 1759 3029
KA 1900
NE 2255
P 2970

HP 3870 3610 3645 3700 3720

3500F 100

HIo 5810 5865 5985 5890 386 5800

L 8350 7510 8410 7420 7530 7500

2L 3250 3450 9320 9240 9340 9315

2 10305 10210 10160 10110 10180 10170

W 11140 11170 11150 11085 11180 11265

BH 11835 11835 118% 11760 11920 11960

LI 12300 12170 12310 12220 12280 12340

BS 12800 12710 12810 12670 12715 12965

12990F 500 13300F750 13230F300
co 13450 13530 13560 13440
AB 13150 13330 1407s 14065 13935
14320F 1300

R43 13590 14130 13760 14430 14190

op 14530 15155 14420 14480 15390

CIt 15040 157460 14970 16000 15800

CA 16200 16750

MA 16010 15980 16430 14925 17370

SD 16715 Ih610 17030 15795 17945

17765Pr 18930Pr 15370Pr

1l 17458 15775 17400 17714 15976 18568

PAGE 1114F 43

4610
5510F100

5810
7300
7310
10380
11225
11940
12390
12870

13625
14305

14435
15350
16150
16730
17340
18150
1a310PY

18594

REF. EL. ISRELATIVE To MEaN SEA LEVEL {FT.}: ALL DEPTHs ARE MEASURED IN FEET BELOW REF. EL.



TABLE C.3{Cont'd) PAGE 12 #F 43

SANDIA NATIONAL LABORATORIES
WEEKS ISLAND GEOLOGICAL CHARACTERIZATION

SUMMARY OF WELL LOG INTERPRETATIONS

WELL NAME K01 KOI-ST1 K02 K03 K04 K05 K0n Ko7
REF. EL. 13 13 19 19 19 20 35 21
SYMBOL
TL 121 7750 127 175 27235 1809 256% 1797
[ 205
CC 150 235
Wi 220 250 270
410F130
2C 435 410
A 570 580 540
3 815 8635 742
I 1040 1060 930
P 125 1300 1240
KA Ib70 1670 1700
NE 2090 2140 2110
TP 2710 2780 2805 2755 2785
P 3450 3235 3330
HI0 4140 42695 4265 4330 4245 4290
5380F1000
L 7340 7760 7320
2L 3050 3115 3430 5435 363 3430 8235 3290
2 8750 8650 2350 9230 9575 9280 9063 9100
2195MN 9915F250
W 9515 10190 10070 10460 3855 3870
BH 10645 10530 10960 10400 10280 10200
11100F350
01 11300 11210 11180 11250 10920 10905
BS 11610 11550 11630 11305 11530
co 11780 12140 11770 12220 11750 12050
125%0Pr 12580P¢ 12830y 12100Pr 12100Py
AB 12350
R43 12750
1) 9327 2558 12858 12622 13244 12973 12150 12132

ReF. EL. IS RELATIVE To MEAN sea LeveL (FT.}; ALL DEPTHS ARE MEASURED IN FEET BELow REF. EL.



TABLE C.3 {Cont'd) PAGE 13 0OF 43

SANDIA NATIONAL LAGORATORIES
WEEKS ISLAND GEOLOGICAL CHARACTERIZATION

SUHMARY OF NELL LOG INTERPRETATIONS

NELL NAME K08 K09 MOl MO2 MO3 Mo4 HOS H05-8T1
REF. EL 23 21 19 15 19 19 19 19
SYMBOL
TL 1996 200 104 122 120 121 120 2189
S 150
cc 175
Wi 270 275 215 180 150
2c 380 350 455 400 450
A 525 540 560 570 500
S 925 860 850 700 760
| 1030 995 1010 785 950
P 1320 1230 1310 1150
1650F400
KA 1660 1680 1320 1510
172075
NE 2140 2110 1860 2100 1980
TP 2780 2745 2520 2715 2570
316583 5500TS
5310TS S990HN
a0 1 OMN
H070MN
6230MN
H250MN
P 3330 3595 3310
HIO 4260 6140 5725 5700
L 7100 6990 6840 6950
2L 8500 8315 8735 8625 3720 7880
372085
316078 7900HN
932583 S170MN
2 3360 9100 9455 9420 9450 9205
W 10200 9860 10180 10140 10155 9430 10030 10030
BR 10640 10330 10640 10625 10850 10800 10520 10510
C1 11250 10570 10825 11240 11010 11800 10950
11340Fa0
B3 11630 11000 11370
o 12200 11433 10650 11750
12430Pr 12325Pr
AB 12370
1 12500 12390 11930 12473 12561 10899 12252 11580

REF. EL. IS RELATIVE TO MEAN SEA LEVEL (FT.); ALL DEPTHS ARE MEASURED IN FEET BELOW REF. EL.



TABLE C.3 {Cont’d) PAGE 14 UF 43

SANDIA NATIONAL LABORATORIES
WEEKS ISLAND GEOLOGICAL CHARACTERIZATION

SUMMARY OF NELL LOG INTERPRETATIONS

NELL NAME MO6 MO7 HOg M09 H10 M10-ST1 MI1 Hi2
REF. EL 19 I? 19 13 19 19 19 1%
SYMBOL
L 124 211 121 118 110 9904 121 124
cc 150
Wi 220 215 210 200 1%0 220
2c 450 370 350 345 430 370 455
525 510 530 510 515 450 585
770 780 780 740 770 710 770
970F120
| 960 965 950 990 1030 860 920
1010F400

P 1300 190 1290 1230 1200 125
KA 1660 1390 1710 1560 1535 1180 1738
NE 2155 1760 2100 1885 1890 1650 2120
TP 2710 2510 2770

278075 283073 2350MN 150875

2810835 33908S 2495MN 38008S

4260MN 4153TS

4350MN 53458S

4760MN 592073

4810MN 734983

56108 733073

575GMN 758089

955HH 7650713

£070MN 21308S

AT45HN 10260MH 367575

7095MN 10505HN 373088
7190M8 L1050
A415HN L1200MN

WP 3080 3520
NIO 5570 5535 5320 5635
L 6860
L 5250 8550
2 3300 8190 3710 9400
W 10080 10490 10070 10090
BH 11040 11270 10420 11070
CI 11350 11550 11290 10670 1131
102L5MN 1073175
110008S
B5 11615 11090
0 11965 11270
4] 12552 11623 11985 2402 10452 12503 11743 12103

~

REF. EL. ISRELATIVE T0 MEAN SEA LEVEL (FT.); ALL DEPTHS ARE MEASURED INFEET BELOW REF. EL.



TABLE C.3 (Cont'd) PAGE 150F 43

SANDIA NATIONAL LABORATORIES
WEEKS ISLAND GEOLOGICAL CHARACTERIZATION

SUMMARY OF WELL LOG INTERPRETATIONS

WELL NAME MI3 M4 MI5 MI6 M7 MI8 MI? H2

REF . FI.. 19 15 18 19 13 13 39 23

SYMBOL

it 120 206 120 122 130 130 132 12

cs 160 150

e 180 170

Wl 260 230

2 340 350 300 240 470

600F120

A 380 525 350 220 540

s 660 535 87 600 500 840

| 840 840 1000 635 525 540 1130

P 1255 1090 1280 350 350 1330

147078 1750TS 125015 127078 150075
KA 1680 1580 1720
239075

438089 465085
366015 5630713
6£1008S 99508S

433085
366075
£1008S
6530TS 101308S
759083 1063073
NE 2270 2100
P 2700 2430
P 3500 2950
NI 5720 5690
L 6050 6810 7120
2L 8160 8605 a7
2 9260 8575 3420 3475
W 10020 7540 10140 101%
BH 10470 10240 10815 11260
L1610MM 1105088
11670MM 11430TS
CI 10645 11530
Co 11500
1) 12208 12096 11150 11951 3033 2521 2576 13142

REF. EL. ISRELATIVE T) MEAN SEA LEVEL (FT.); ALL DEPTHS ARE MEASURED IN FEET BELOW REF. EL.



WELL NAME
REF. EL.

SANDIA NATIONAL LABORATORIES

TABLE C.3 {Cont'd)

WEEKS ISLAND GEOLOGICAL CHARACTERIZATION

SUMMARY OF WELL LOG INTERPRETATIONS

PAGE 16 #F 43

SYMBOL
TL
Cs
CC
Wi
2

A

I
P
KA
NE

TP
MP
HI0

I
BS
Co
AB

CII
A

1))

2750
5515
10240
10710

10520

11725
13035

13209

M22 M23
22 3l
122 3092
190
310
400
800
555
1330
1850
2230
27h0TS
366085
5820
6520 7060
7750F300
8780
3545 9480
10110 10155
10540 10900
U B20MM
12423 11617

6970
7310F250
8500
5200
9650
10550

11000

11764

5900
7130

3300
9485
10175
11020

11230

12447

3630
7950
8730
9455
10230
10750
11015

11450
12350

12900
13450

13755

3775
7060

8740
9400
100%0
10610

10665

215
340
537
5
1040
1223
1740
2170

2500
3750
4350
7115

4510
3415
16230
10700

10990
11330
11745
13155
14040y

14205

REF. EL.ISRELATIVE TO MEAN SEA LEVEL {FT.); ALL DEPTHS ARE MEASURED IN FEET BELOW REF. EL.



TABLE C.3 {Cont'd) PAGE 17 6F 43

SANDIA NATIONAL LABORATORIES
WEEKS ISLAND GEOLOGICAL CHARACTERIZATION

SUMMARY OF WELL LOG INTERPRETATIONS

NELL NAME ot U2 U3 uo4 uo5 o uo7 uog
REF. EL 13 g 13 19 19 17 15 33
SYMBOL
L 127 120 108 122 120 121 122 149
S 150 140
cc 170 160 200 150
Wi 220 230 220 250 250 240 240 240
2c 370 360 450 440 360 375 450 410
A 550 555 550 350 565 570 595 570
S 940 920 880 665 840 850 880 230
| 1050 1095 1155 1080 1170 1105 1150 1180
P 1370 1410 1380 1350 1420 1430 1410 1400
KA 1838 1855 1550 1520 1850 1880 1529 187
NE 2210 2150 2140 2180 2140 2165 2125 2155
P 2830 2875 2900 2870 2933 2965 2920 2950
P 3250 3265 3260 3200 3470 3295 3990 4040
HIo 5860 5900 5310 5825 5930 5945 5910 5350
L 7050 WATE] 7435 8075 7440 7410 7360 8210
3400F200
2L 3910 8950 8570 8870 5960 3020 3930 3570
2 3520 9675 5675 2560 967 9765 7640 3700
W 10355 10415 10420 10300 10440 10535 10400 10460
BH 10850 10925 10550 10800 10950 11070 10410 109450
Cl 11115 11205 11240 11230 11375 11180 11295
11340Py
BS 11390 11500 11530 11525 11650 11470 11365
o 11800 11525 11550 12060 12010 12210 12025
A8 12105 12290 12355 12950 12340 12400
R43 12260 12515 12860 12630
p 12370 13150 12610
CIl 13110 13440 13550 13950 13418
MA 13465 14565
D 15270
Il 14026 14301 14395 13058 13576 14351 13856 15355

REF. EL. 1S RELATIVE TOo MEAN SEA LEVEL (FT.); ALL DEPTHS ARE MEASURED INFEET BeLow REF. EL.



TABLE C.3 {font'd) PAGE 18 OF 43

SANDIA NATIONAL LABORATORIES
WEEKS ISLAND GEOLOGICAL CHARACTERIZATION

SUMMARY OF WELL LOG INTERPRETATIONS

WELL NAME vog Ui 1331 B12 4601 AGO2 AGO3 ANO1
REF. EL. 19 23 27 26 19 27 19 13
SYMBOL
TL 113 2540 2513 2'956 138 121 120 117
cc 130
Wi 240 245 260 23 235
2C 465 430 34 370 370
A 595 575 575 560 570
S 330 335 330 320 420
I 1165 1120 1165 1100 1115
P 1410 1440 1435 1425 1390
KA 1355 1910 1320 1950 1910
NE 2270 2320 2320 2270 231
TP 2900 2320 2330 2950 2635
WP 4020 4530 4510 4390 4085
Hig 5950 5330 5920 5880 6200 6055 6000 5340
L 7430 7430 7475 7395 6945 7560 3430 7055
2L 3970 3940 3970 3930 9060 9040 “100 9110
2 9660 9640 9690 9650 9305 9355 9320 9475
I 10425 10375 10440 10330 10600 10660 10600 10650
BH 10945 10370 10950 10370 11150 11230 11150 11255
Cl 11230 11240 11030 11470 11550 11465 11595
BS 11670 11530 11390 11300 11925
o 12040 13300 11960 12220 12530 12390
AB 12330 12320 12950 12765 13015
R43 12620 12540 13235 13030 13270
0p 13290 13150 14165
CIl 13620 13550 14390 14160 14705
14620Py
CA 15210
MA 15030
SD 15700
L) 14033 14400 14004 14235 15501 15294 15916 15343

REF. EL. ISRELATIVE TO MEAN SEA LEVEL (FT.); ALL DEPTHS ARE MEASURED IN FEET BELOW REF. EL.



TABLE C.3 {Cont'd) PAGE 19 OF 43

SANDIA NATIONAL LABORATORIES
WEEKS ISLAND GEOLOGICAL CHARACTERIZATION

SUMMARY OF WELL LOG INTERPRETATIONS

WELL NAME AW02 AWO3 BAOL BAG2 BAO3 BAO4 BAGS BAO6
REF, EL. 23 13 13 13 13 13 13 13
SYMBOL
TL 2994 121 118 119 120 124 1149 109
cc 140
Wi 240 225 215 215 240 210 225
2c 365 320 320 325 330 335 350
A 570 550 560 540 555 540 530
S 945 990 815 320 330 770 350
I 1130 1030 1005 1005 1030 1000 1015
P 1395 1145 1140 1165 1160 1140 1150
KA 1820 1760 1710 1740 1735 1780 1720
NE 2300 2230 2230 2225 2220 2240 2210
TP 2840 2340 2345 2795 2780 2785 2500
P 4610 3850 3760 3735 3430
HIO 5925 4395 4320 4290 4250 4260 4200
L 7615 5470 4770 4760 4735 4665
£225F300
2L 9175 9200 7330 6790 4680 6645 6615 59535
T650MN
2 9925 9910 8340 3090 3065 3070 7970
W 10720 10710 3845 8540 3500 8550 8400 3450
8760MN
BH 11285 11265 9350 3940 3830 9030 8720 3730
CI 11530 11635 9540 9250 9040 9120 G640 2125
BS 11960 9750 9460 9160 929
co 12650 12670 9710 9605 9490
AB 13050 13020 10470
10830Pr
R43 13340 13295
op 14190
CII 14480 14450
CA 15220
MA 15550
1) 15329 1532% 10934 9450 10002 9943 9251 2623

REF. EL. ISRELATIVE To MEAN SEA LeveL {FT.}; ALL DEPTHs ARE MEASURED IN FeeT BELOW REF. EL.



TABLE C.3 {Cont’d)

SANDIA NATIONAL LABORATORIES
WEEKS ISLAND GEOLOGICAL CHARACTERIZATION

SUMMARY OF NELL LOG INTERPRETATIONS

NELL NAME RAQ7 BAOS BA0Y BALO Ball BALS Bald
REF. EL. 13 13 13 13 13 25 25
SYMBOL
L 120 119 140 120 125 120 120
cc 150
Wi 22 220 220 230 230 220 220
2 360 380 330 365 370 320 350
A 545 550 580 560 573 540 545
§30F70
S 840 500 860 800 815 anl
I 1015 260 1020 955 955 1025 1010
P 1160 1170 1130 1215 1200 1160 1140
KA 1750 1735 1740 1830 1370 1790 1730
NE 2185 2180 2280 2270 2280 2260 2220
TP 2815 2820 2880 25320 29180 2850 2560
MP 3720 3750 3870 3790 3780
HI0 4235 4250 5010 4370 4340 4420 4240
L 5030 5140 5335 4890 4730
2L 5430 635 6715 A160 6330 7020 6435
7650F 100
2 7855 7840 8140 7790 7820 8110 7930
W A310 8270 8570 8270 8200 8610 8440
BH 8770 8715 4920 3500 8410 3120 8765
£l 8820 8805 9210 9055 8690 3310 4900
3515F200
BS 3940 9000 3933
Co 3070 3300 9335
AB 10160
1l 9352 9497 7482 9205 4048 10248 9251

PAGE 20 OF 43

21:
350
535

880
1000
1140
1730
2150
2520
3700
4125
5325

6430
7855
5310
£530F 300

3670

3998

REF. EL. IS RELATIVE TO MEAN SEA LEVEL (FT.); ALL DEPTHS ARE MEASURED IN FEET BELOW REF. EL.



TABLE C.3 (Cont'd) PAGE 21 (F 43

SANDIA NATIONAL LABORATORIES
WEEKS ISLAND GEOLOGICAL CHARACTERIZATION

SUHMARY OF NELL LOG INTERPRETATIONS

NELL NAME BAle BA17 BALE BAL9 BA20 BA21 BA22 BA23
REF. EL. 25 25 18 25 22 26 26 26
SYMBOL
TL 119 2535 2524 2987 3022 2492 2536 3012
cc 155
Wi 240
2c 355
A 545
S 830
I 925
P 1140
KA 1735
NE 2170
TP 2750 2930 2790 2895 2960
MP 3750 3960
NI0 4205 4550 4250 4380 4385 5110 3140 5195
L 5200 5140 4900
2L 6450 7650 6630 6940 6905 6900 7200 7210
2 7840 8540 7960 8140 3250 8230 8450 3290
3150F200
W 8300 8440 8680 8725 8655 3910 8865
BH 8540 *9340 9010 9030 2090 3330 9375
C1 3720 9530 9100 9130 9130 9455 9445
BS 9970 *9210 9300 2230 2620 9625
G704F250
o 10190 9305 9400 9445 9840 2712
AB 10740 10260 10160
R43 11105 10490 10305
11700pr 10540pPr 10380Pr
1) 8986 14780 8837 9487 9876 9676 10613 10502

REF. EL. IS RELATIVE TO MEAN SEA LEVEL (FT.); ALL DEPTHS ARE MEASURED IN FEET BELOW REF. EL.



TABLE C.3 {Cont'd) PAGE 22 (F 43

SANDIA NATIONAL LABORATORIES
WEEKS ISLAND GEOLOGICAL CHARACTERIZATION

SUMMARY OF WELL LOG INTERPRETATIONS

WELL NAHE BA24 BA24-ST1  BBO! 8802 8Jo1 BJ02 BRO! 8Ro2
REF. EL. 26 26 19 23 19 19 385 285
SYMBOL
L 3024 9000 1014 1026 121 121
Wi 220 230
2C 360 360
A 540 550
N 855 900
I 1070 1030
P 1230 1210 1240
KA 1620 1585 1780 1820
NE 2035 1930 2320 2430
TP 2610 2585 2690 2730
P 3905 3540 310
HIO 4490 4000 3805 5370 5420
4347TS
L 5555 6780 6945
2L 6985 5290 8540
7520MN
10150MN
2 8060 9255
W 8535 10020
10160MN
10360MN
BH 9070 9205 10920 10720
(I 9325 9525
BS 9470 9730
Co 9600 9870
AB 10360
R43 10560
1l 10023 10936 6002 4484 11215 11395 1268 1510

REF. EL. IS RELATIVE To MEaN SEA LeveL (FT.); ALL Depths ARE MEASURED v FEET BELOW rer. EL.



TABLE €.3 {Cont'd) PAGE 23 OF 43

SANDIA NATIONAL LABORATORIES
WEEKS ISLAND GEOLOGICAL CHARACTERIZATION

SUMMARY OF WELL LOG INTERPRETATIONS

WELL NAME CFol1 £601 CG02 CKo1 CK02 CK03 CK04 CK05
REF. EL. 19.45 19 19 22 1" 13 21 23
SYMBOL
TL 2540 121 2526 121 118 121 3004 3450
cs 165
cc 195
Wi 230 240 240 230
2C 370 340 330 350
A 580 570 590 580
S 920 770 §90 &80
| 1130 970 1075 1045
P 1310 1215 1245 1180
KA 1885 1900 1805 1330
NE 2170 2365 2365 2400
TP 2905 2920 2783 2753 2650
MP 4195 4300 4110
MIG 5595 5850 5880 5450 5385 5320 5090
6970F100
L 8200 8280 7410 7010 7030 6860 7050 7030
2L 3985 9050 9090 8610 8500 8300 5430 8005
2 9660 7510 9815 9290 9150 8910 4090
W 10375 10560 10570 9980 9500 9500 2630
BH 11100 11120 10825 10530 10080 10310
C1 11215 11400 11420 11000 10550
B3 11715
co 12000 12330 12910
AB 13505 13660
13%70Py
1) 13769 14458 14436 11736 11448 10766 10738 3503

REF. EL. IS RELATIVE To MEAN SEA LEVEL (FT.); ALL DEPTHS ARE MEASURED IN FEET BELOW REF. EL.



TABLE C.3 (Cont'd) PAGE 24 (F 43

SANDIA NATIONAL LABORATORIES
WEEKS ISLAND GEOLOGICAL CHARACTERIZATION

SUMMARY OF WELL LOG INTERPRETATIONS

WELL NAME CKO6 CK09 cusl CHot cwo2 DRO1 DRO2 ET01
REF. EL. 32 40.5 33 19 19 19 36 21
SYMBOL
L 2019 3240 120 120 121 3014 4493 120
cs 13 180
CC 200 200
Wi 260 240 250 240
2c 360 380 350 38
A 600 590 610 580
1050 920 1050 230
| 1170 1150 1170 1130
p 1310 1250 1240 1390
KA 1890 183 1915 1730
NE 2310 2480 2270 2200
TP 2870 2850 2870 2360
MP 4310 4350 4370 4290
MIO 5370 5180 5890 5830 $345
L 7090 6760 8310 7570 7580 8370 3290 7470
2L 2300 8130 2120 9120 9140 *9175 3970 3150
2 8710 8790 9810 9800 9820 9840 9740 2520
5275F200
W 9430 9380 10570 10560 10585 10690 10610 10720
BH 9980 9970 11140 11185 11320 11220 112499
CI 10230 11420 11400 11430 11640 115% 11640
BS 11760 11770 12030 12000 11970
o) 12270 12180 12250 12790 12740 12490
AB 13950 13935 13750 13270 13330 13000
R43 14130 13670 13805 13260
op 13930 14040 14130
Cll 15220 15400 14660
CA 14350 15690 15930 15140
MA 16140 16360
) 16520 17100
N 18370Py
LB 18630
1) 10333 10875 14546 14445 14433 17669 19444 15345

REF. EL. ISRELATIVE T0 MEAN SEA LeveL (FT.); ALL DEPTHS ARe MEASURED in reeT BELOW REF. EL.



TABLE C.3 (Cont'd) PAGE 25 OF 43

SANDIA NATIONAL LABORATORIES
WEEKS ISLAND GEOLOGICAL CHARACTERIZATION

SUMMARY OF WELL LOG INTERPRETATIONS

WELL NAME ET02 ETO3 ET04 ETO05 ET064 ETO7 ETO8 ET09
REF. EL. 19 19 19 19 22 18 21 19
SYMBOL
L 120 120 122 119 3019 3018 2502 2538
cs 130
cc 200
Wi 230 230 240 220
2c 360 360 380
A 575 580 600 590
S 920 910 240 995
I 1140 1150 1160 1155
P 1235 1290 1280 1310
KA 1850 1940 1960 1860
NE 2230 2305 2410 2410
TP 2920 2940 2870 2930 2850 2850
MP 4395 4335 4350 4405 4305
NI0 5900 5a80 5920 5750 5950 5950
L 7430 7480 7730 7725 7710 7655 7610 7635
2L 9100 9210 1255 9240 9240 9210 ‘9140 9175
2 9820 9915 9958 9940 9960 9945 9550 9925
W 10580 10700 10760 10775 10745 10720 10670 10720
BH 11140 11275 11325 11315 11330 11300 11220 11300
Cl 11430 11610 11650 11640 11660 11600 11550 11445
B35 11930 11960 12050 12005 12040 11880 1193
12110F306 12420F150
Co 12230 12450 12530 12530 12540 12550 12670
AB 12710 12930 13020 13020 13050 12870 13050
R43 12970 13200 13295 13300 13320 13120 132735
0P 13745 14050 14165 14200
¢ll 14200 14575 14670 14515 14740 14265 14425
CA 15020 15110 15210
MA 15530
SD 15850 16090
L) 14472 15177 15267 15340 15915 15940 16381 16700

REF. EL. ISRELATIVE TO MEAN SEA LEVEL (FT.); ALL DEPTHS ARE MEASURED IN FEET BELOW REF. EL.



WELL NAME ET10

SYMBOL

TL
€S
cC
Wi
2C
A
S
|
P
KA
NE
TP

WP
HI0

BS
o
AB
R43
Il

1l

4370
5920

7740
9270
9970

10780
11350
11680

12570
13065
13340
14600

15816

7570
3650
5520

16590
1113s
11465

11770
12360
12720
12955
14080

14478

TABLE C.3 {Cont’d)

SANDIA NATIONAL LABORATORIES

WEEKS ISLAND GEOLOGICAL CHARACTERIZATION

SUMMARY OF NELL LOG INTERPRETATIONS

140
240
370
575
340
1120
1330
1300
2260
2900

4365
55450

8415
9050

3730

10545
11080
11330

11700
12270
12605
12845
13850

14402

5602
18

2160
2745

4245
7850F 250

8140
3830
3300F 100
4525
3970
10350

10750

GHO1
19

3740
3695

3770F300

9120
2805

10570

11440

11580

13900

14480Pr

14622

P01
19

210
345
545
830
1110
1290
1755
2125
3000

3940
5650

3840
3570
7545
10520
10755

11005
11975
12440

13755

PAGE 26 OF 43

GPO2 GPO?-ST1
19 19

205
335
530
730
1010
1248
1630
1540
2670
512018
426088

3620

ERIIN)

9875 7500
10210 10315
10750F 60

11074 11600

REF. EL. ISRELATIVE TO MEAN SEA LEVEL (FT.); ALL DEPTHS ARE MEASURED IN FEET BELOW REF. EL.



WELL NAME GPO3

SANDIA NATIONAL LABORATORIES

SUMMARY OF WELL LOG INTERPRETATIONS

§P04-ST1
19

TABLE C.3 {Cont’d)

6POS
19

6P05-5T1

19

WEEKS ISLAND GEOLOGICAL CHARACTERIZATION

GPO6
21

PAGE 27 OF 43

REF. EL. 15
SYMBOL

L 140
cs
cc

Wl 210

2C 335

A 535

S 315

| 1050

P 1240

KA 1705

1820F100

NE 1860

P 2695

WP 3630

HI0 5450

6430MN

L
2L
2

W 9610

BH 11120

Cl 11580
BS
co
AB
R43
(P
CII

1) 11938

210
340
530
305
1020
1265
1700

1970

2700
3750
588075
603085
6450MN

10410
11020
11360
11680
12305
13220

13364

11150

190
340
510

1020
1135
1575

1770

262015
2900BS
403075
428583

4400TS
46408S
433075

782385

9710
10165
10550
1122s

11557

3430
9970
10330

10744

2645
3450

5620

6920
8045
8920
3925
10665
10910
11205
12040
12490

13576

413s

5650

6500
8930
3770
3540
10360
10450
1390
12145
12615
12850
13525
13930

14095

REF. EL. ISRELATIVE TO MEAaN SEA LEVEL (FT.); ALL DEPTHS ARE MEASURED IN FEET BELow ReF. EL.



SANDIA NATIONAL LABORATORIES

WEEKS ISLAND GEOLOGICAL CHARACTERIZATION

SUMMARY OF WELL LOG INTERPRETATIONS

GRO1
13

TABLE C.3 {Cont’d)

GRO3

GROS
13

GROS-STL
13

GROA

13

PAGE 2§ OF 43

WELL NAME GPO8 GP05-5T1
REF. EL. 2s 25
SYMBOL
TL 144 3522
Wi 210
- 2C 350
A 525
—_ S 350
I 1000
_ P 1275
KA 171s
- NE 2045
TP 2715
P 3145 3890
— HIg 5440 5420
L 6840 7145
_ - 8660 8680
2 9545 %500
W 10505 10370
BH 11000 10%90
€I 1143s 11360
BS 1173s 11770
co 12265
_ AB 12650
™ 13528 12027

340
540
560F40
750
570
1070
1650
2120
2760

4095
444s

5487

8350

7085
8310
8725

5159

3030
8130
8460

8551

172s
2220
2735

4195

4660
6310F 150

4900

2220
2540

5050

6940
5190

8515

3591

REF. EL. IS RELATIVE To MEAN sEa LeveL {FT.); ALL DEPTHS ARE MEASURED IN FEET BELOW ReF. EL.



SANDIA NATIONAL LABORATORIES

WEEKS ISLAND GEOLOGICAL CHARACTERIZATION

SUMMARY OF NELL LOG INTERPRETATIONS

WELL NAME GROS GR0O8-ST! GRO9
REF. EL. 13 13 13
SYMBOL
TL 7711 7732 1834
cc
Wi
2c
A
S
I
P
KA
NE 2160
TP 2600
HP 3605
MIG . 4130
5100
2L 6335
2 7665
W 7995 8030 5125
BH 8470
el
1l 8257 3439 8304

TABLE C.3 {Cont’d)

GRO9-STL

13

7700
8215
3530

2018

GR10
13

GR11
13

252

365

363

310
1053
1200
1820
2210
2770
3770
4330
5245
6095
7700
8175
8510
8690

9058

2255
2870

4500
5110
6175
7665
8080
8415

PAGE 29 OF 43

GR12-ST1
13

8155
2850

3065

REF. EL. IS RELATIVE TO MEAN SEA LEVEL (FT.); ALL DEPTHS ARE MEASURED IN FEET BELOW REF. EL.



NELL NAME

SYMBOL

TL

Wi
2C

KA
NE
TP
P

HIO

ro
~ —

OO

BH
I

1D

GRS

2300
2900

4520

6100
6360
3000F 1000

8946

GR14

790
980
1100
1690
2120
2745

3580

4065

4905

6250

7570
8045

5300

TABLE C.3 (Cont'd)

SANDIANATIONAL LABGRATORIES

WEEKS ISLAND GEOLOGICAL CHARACTERIZATION

SUMMARY OF NELL LOG INTERPRETATIONS

GR1S

2290
2630

3700

4400

4975

7780

8540

8975

9150

9240

9506

GR15-ST!

7780

3610
3920

9162

GR1é GRLA-STL
13 13
131 4120
4735HN
190
320
520
800F130
320
fs0
1020
1555
2045
2540
3490
4040MN
4070
4520MN
317078
6021
7180
7600
7700F500
783415
5185 7962

210
325
565

720

a7
103
1663

nG
225

2720

3700

4060

4985

6270

7560
3000

8054

PAGE 30 #F 43

170
315
510

750

895
1820
1570
1970
2640
3089135

REF. EL. IS RELATIVE To Mean SEA LeveL {FT.): ALL DEPTHs ARE MEASURED IN FeeT BELOW REF. EL.



TABLE C.3 {Cant'd) PAGE 31 OF 43

SANDIA NATIONAL LABORATORIES
WEEKS ISLAND GEOLOGICAL CHARACTERIZATION

SUMMARY OF WELL LOG INTERPRETATIONS

WELL NAME GR1Y GR19-STI  GR20 GR21 GR23 GR24 GR25 GR25-5T1
REF. EL. 13 13 13 2 22 20 27 27
SYNBOL
L 9% 6100 176 1785 2273 1831 2951 7000
Wi 205 240
2c 350 320
A 520 590
870 1025
| 930 1065
p 1155 1250
KA 1790 1760
NE 2210 2260 2210 2210 \
TP 2790 2895 2830 2785 2890
WP 3435 3880 3650 3910 3457 4075
HI0 4350 4370 4220 4370 5020 4200
567015 5630MN
5930MN
L 5920 5180 5440 5530
L 8280 6475 6310 6570 6550
75204N 7050MN
2 7610 8960 7830 7730 7915 7940 7940
7910F300
W 7960 3690 3330 8180 §235 5400 #335
35S0MN 3402TS
BH 8550 10250 8660 5490 5200 §720
LI 10600 8740 3940 3360
BS 10790
co 11080
AB 11475
1) 5704 8745 11586 9192 8808 8436 3099 9004

REF. EL. ISRELATIVE TO MEAN SEA LEVEL (FT.); ALL DEPTHS ARE MEASURED IN FEET BELOW REF. EL.



TABLE C.3 {Cont'd) PAGE 32 UF 43

SANDIA NATIONAL LABORATORIES
WEEKS ISLAND GEOLOGICAL CHARACTERIZATION

SUMMARY OFWELLLOGINTERPRETATIONS

WELL NAME 6R24 6501 GkO1 GRO2 HBO1 HBO2 HBO3 HEO4
REF. EL. 27 32 18 22 13 19 13 13
SYMBOL
TL 2494 1110 118 3002 101 103 110 138
cs 200
cc 150 170 230 270
Wi 230 205 205 275 310
2 375 360 370 350 365
A 620 570 575 570 555
570 320 810 540 840
| 1160 1020 990 1095 1130
P 1405 ‘1240 1280 1325 1350
KA 1840 1690 1695 1710 1705
NE 2315 2045 2055 2100 208
TP 3050 2830 2755 2760 2800 2810
3170F100
WP 4000 3700 3250 3715 333s 3360
MI0 4570 4060 5970 5940 4250 4290 4340 4380
5990TS
60408S
70207
L 5480 7570 7540 7065 7430 7310 7375
A 6425 9150 9150 8400 5500 8805 2920
8100F1000
2 9900 2910 9225 2450 3730 9820
W 8415 10740 10750 10035 10320 10660 10870
BH 8900 11300 11335 10770 11200 11460
¢l 9130 11650 11650 11170 11500 11510
2200F500
8S 9230 12040 12080
o 9390 12740 12825 12710
AB 13165 13280 12340 13500
R43 13550 13680
14360Pr
0P 14510
eIl 14810 15150
CA 15680
MA 16050
16070Pr
D 16480 16630
1) 9676 7112 17183 17009 10275 12543 12368 13604

REF. eL. ISRELATIVE To MEAN sea LeveL {FT.}; ALL DEPTHS ARE weasURED IN reeT BELOW REF. EL.



TABLE C.3 (Cont’dj

SANDIA NATIONAL LABORATORIES
WEEKS ISLAND GEOLOGICAL CHARACTERIZATION

SUMMARY OF WELL LOG INTERPRETATIONS

2100
2785

4330

5790

3590F50

10555
11010
11985
12085
12840

PAGE 33 0F 43

2790
3770
4340

3810

3735
10630
11020
11340
1163
12330

WELL NAME HBOS HBOA HBO7 HBOS HBOY HB1O
REF. EL. 13 13 13 13 19 15
SYMBOL
TL 139 168 113 119 102 110
cc 140 140 160
Wi 1920 235 265 210 225
2c 330 380 375 350 320 320
540F80
A 550 550 550 545 570 558
S 00 805 820 805 740 1030
950F150
I 375 1000 74 1060
P 1230 1225 1400 1240 1250
KA 1660 1650 1635 1670 1730
NE 1950 1950 2000 1950 2030 2080
TP 2635 2610 2630 2620 2690 2170
MP 3140 3130 3450 3440 3610
LiU] 4005 3980 4050 3980 4180 4310
5820F500 357015 TATSTS
7535TS
761085
7670TS
L 6760
2L 8635
2 8770 3540
W 9690 10380
BH 10835
€I 11220
B5
o
] 7723 5692 7495 5638 10183 11883

13501

12622

REF. EL. ISRELATIVE To MEAN SEA LeveL (FT.)}; ALL DEPTHs ARE MEASURED IN FEET BELow REF. EL.



TABLE C.3 (Cont’d) PAGE 34 OF 43
SANDIA NATIONAL LABORATORIES
WEEKS ISLAND GEOLOGICAL CHARACTERIZATION

SUMMARY OF WELL LO6 INTERPRETATIONS

WELL NAME HB13 HB13-STL  HBI3-ST2  HBU HB1S HE16 HB16-STL  HEOI
REF, EL. 19 19 19 23 ”r 3.3 313019
SYMBOL

TL 132 10290 10364 1850 2978 1506 3650 106

ce 170 150

Wi 240 220

2 380 33

A 585 585

860 855

[ 1060 1075
p 1300 i 1300
KA 1700 1650 ) 1700

-NE 2077 2040 1940 2100
TP 2720 2750 2600 2500

WP 3730 4015

- IO 4320 4240 4220 3960 3950 4320

4770F170 5320170
5305TS 565575

N L 7430 7015 7845
L 3670 8400 8360 8765
2 9560 9230 9180 9709

W 10420 10420 10420 10080 10075 10615
- BH 10870 10870 10885 10535 11080
cl 11320 11380 11410 10805 11310
85 11750 11750 11310 11360
co 12330 12190 12390
D 11511 13081 12250 11759 10440 5320 5686 13392

REF. EL. ISRELATIVE TO MEAN SEA LEVEL (FT.); ALL DEPTHS ARE MEASURED IN FEET BELOW REF. EL.



TABLE C.3 (Cont'd) PAGE 35 0F 43

SANDIA NATIONAL LABORATORIES
WEEKS ISLAND GEOLOGICAL CHARACTERIZATION

SUMMARY OF NELL LOG INTERPRETATIONS

NELL NAME HGO02 HGO3 HGB3-ST1 HGO4 HE04-ST!1 HGO5 HEO4 HGO7
REF. EL. 19 20 20 21 21 21 21 26
SYMBOL
L 126 3433 8730 142 9180 3028 2531 2022
cC 180
Wi 210
2c 380 400
A 580 530
S s40 g0
I 1030 295
P 1285 1255
KA 1670 1705
NE 1225 2020
TP 2760 2665 2733 2730
HP 3825 3995 3400 3635 3305
NIO 4330 4305 5215 5270 4260 4273
L 7665 7750 7030 7650 7300 7410
3130F1350
2L 3625 8650 8505 8445 8505
2 5510 9550 9540 9320 3300 9370
W 10370 10420 10330 3640 10315 10087 10185
10745F300
BH 11025 10890 3855 9920 10935 10550 10610
10350TS 1046075
111208S
£l 11390 11460 10930 11425 10740 11000
11750F1300
BS 11810 11880 11355 11630
co 12405 12250 11770 11320
12900Pr
R43 12530
12725Pr
D 12880 13033 11403 10407 11420 13300 11592 11975

REF. EL. 1S RELATIVE TO MEAN SEA LeveL {FT.); ALL DEPTHS ARE MEASURED IN FEET BELOW REF. EL.



TABLE C.3 {Cont'd) PAGE 36 OF 43
SANDIA NATIONAL LABORATORIES
WEEKS ISLAND GEOLOGICAL CHARACTERIZATION

SUHHARY OF WELL LOG INTERPRETATIONS

NELL NAME  HG08 HHOL HHO2  HROI HRO2 HWO1 HWD2
YReF. EL. 22 19 19 15 19 13 19
R . 17..219.... 19 L 13..-193
SYMBOL
TL 2566 263 2988 3535 2362 3507 110
Wi 230 130
2 350 360
A 625 525
S 930 845
| 1180 930
p 1410 1200
KA 1880 1620
NE 2280 1920
TP 2750 2730 2740 2590
MP 3255 4300 3320
HIo 4235 5940 5850 5880 5815 4379 3845
50b0TS
536085
565075
B 607085
L 7150 3670 8590 8315 8520 7310
2L 8315 9010 9340 3000 3840 5830
2 9150 10020 4730 9830 9675 9745
- 9960 10575 10400 10570 10370 10700
11050F200
BH 11150 11170 11170 11112 11305
0l 11460 11400 11470 11480 11640
BS 11900 11645 11900 11900
Co 12600 12620 12685 12640 12570
AB 13055 13155 131s0 13170 13875
139101
R43 13490 13640 13750 13730
0P 14320 14480 14460 14430
_ 14540740
eIl 14950 15080 15170 15180
CA 15370 15510 15410 15650
HA 15800 15960 16080 16115
D 14425 14620 1b760 16825
D 10322 17334 16891 17444 17644 14012 6100

REF. EL. IS RELATIVE To MEAN SEA LEVEL {FT.); ALL DEPTHs ARE MeASURED IN FEeT BELOW Rer. EL.



TABLE C.3 (Cont’d) PAGE 37 OF 43

SANDIA NATIONAL LABORATORIES
WEEKS ISLAND GEOLOGICAL CHARACTERIZATION

SUMMARY OF NELL LOG INTERPRETATIONS

NELL NAME H03 HWO3-ST1  Hwo4 HU05 HHO5-STI  HHO6 JAOL JAQ2
REF. EL. 19 19 13 21 21 17 19 19
SYHBOL
L 1847 9230 104s 1837 11300 1843 120 3016
Wi 235
20 385
A 400
S 58
I 1180
P 1360
KA 2045 1350
NE 2355 2000 2295
P 2740 2430 2910
P 3680
] 4245 3950 4250 4085 010 5310
779878
L 4870 3640 8010
2L 8450 8150 9430 2420
2 7240 9240 9230 10290 10280
W 10140 10295 10310 11270 11300
10660F450
BH 11005 11310 11310 11940 12020
I 11540 11540 12350 12430
BS 12740 12925
co 12270 12270 13470 13405
AB 13415 13415 13875 14070
13500Py 13500Pr
R43 14410 14470
D 10603 11210 5848 14334 13881 7843 15034 15307

REF. EL. ISRELATIVE TO MEAN SEA LEVEL (FT. } ; ALL DEPTHS ARE MEASURED IN FEET BELOW REF. EL.



WELL NAHE

REF. EL.

SYMBOL
TL
Wi
2

A

S
|
P

KA
NE
T
HP
HIo

0

REF.

JA03
25

5940

7910

9400
10250

11245
11950
12320

12820
13430

13790

14220

14540
15570

15814

JB01
19

915
1195
1390

1885
2290
2805
4385
5940

5440

9030
9430

10570
11225
11480

11540
12530

12340
13310
13420F100

14140
14720

15344

WEEKS

TABLE C.3 {Cont’d)

SANDIA NATIONAL LABORATORIES

1602
19

2815
4040
6100

8165
3610F200
3060
9810
10430
11200
11510

11850
12520

12920

13215

13800
14420

15420

15900F100
14040

14831

D61
19

8730
8730
9985F 50
10565
11120
11403
11550F300

11955

12230F250
13240

13840

SUMMARY OF WELL LOG INTERPRETATIONS

320
390
985
1058
1330

1700
2120
2850
4050
4400

7558

3950
9930

10922
11530
11910

12300
12900

14450
14585°r

14115

ISLAND GEOLOGICAL CHARACTERIZATION

2515
2940
3585
3025

9185
10200

11225
11870
12330

12785
13500

14135

14575

15905
16360F 700

17110
17250Pr

17722

915
1050
1290
1410F100
1800
2315
2770
3580
5410

6945

3910
3175

7840

10360
10540

10700

PAGE 38 OF 43

1240
1610
1320
2430

4000
729075

7300

EL. ISRELATIVE To MEAN sEa LeveL (FT.}; ALL DEPTHS ARE MEASURED IN FEET BELOW REF. EL.



TABLEC.3{Cont'd) PAGE 3% UF 43

SANDIA NATIONAL LABORATORIES
WEEKS ISLAND GEOLOGICAL CHARACTERIZATION

SUHHARY OF NELL LOG INTERPRETATIONS

WELL NAME HS02 MS03 MS03-8T1  wso4 MS04 5601 SCoL 5002
REF. EL. 13 13 13 13 2s 19 19 g
SYMBOL

TL 1037 1003 4220 1039 1031 120 120 120
cs 155 180
cc 190 200

Wi 220 240 240

2c 370 370 375

A 435 530 400

S 900 900 a60

| 1140 1110 1120

P 1230 1245 1220 1255 1370 1430 1300

KA 1600 1570 1405 1640 425 1570 15%0

NE 1945 1310 1940 1980 2170 2150 2170

TP 2625 2620 2445 2655 3020 2900 2960
HP 4150 3740

HI10 3970 3875 3025 4025 4450 5905 5720

5320TS 5350TS 5501TS

7450 7480 7500

2L 8475 9000 3010

2 2310 3720 9720

W 10545 10470 10470

BH 11260 11000 11000

€1 11410 11280 11260

BS 12150 11585 11550
co 12465 12070

AB 13330
R43 13740
CII 14750 13830 13785
0 5929 5852 3835 5585 5519 154ss 14144 14150

REF. EL. ISRELATIVE To MEAN SEA LeveL (FT. ) ; ALL DEPTHS ARE WEASURED TN FEET BeLow REF. EL.



TABLE €.3 (Cont'd) PAGE 40 OF 43

SANDIA NATIONAL LABORATORIES
WEEKS ISLAND GEGLOGICAL CHARACTERIZATION

SUMMARY OF WELL LO& INTERPRETATIONS

WELL NAME SG01 SG02 SG03 SG04 SGO05 SHO1 SHO2 SHO3
REF. EL. 19 2s 15 15 40 17 19 19
SYMBOL

L 120 122 2534 2593 3020 124 122 120

Wi 240 245 230 220 210

2C 370 380 440 435 430

A 620 580 630 430 620

S 905 500 §95 500 955

| 1150 1150 1160 1150 1156

p 1240 1280 1405 1410 1360

KA 1650 1940 1510 830 1835

NE 2390 2420 2285 2390 2265

TP 3000 3070 2810 2800 - 2730

MP 4340 3710 4330 4220 4200

4540F 170
NIO 5840 5830 5850 5910 5930 6000 5950 5550
3340F400  7400F200

L 7430 7415 7420 7835 8270 3175

L 9100 5090 9105 9120 Y145 9080 9050 2030

2 9810 5800 3810 3835 9850 9520 7750 9750

W 10540 10540 10570 10605 10620 10450 10670 10635

BH 11100 11105 11105 11185 11200 11225 11220 11220

CI 11350 11310 11400 11465 11540 11595 11989

BS 11720 11705 11760 11810 11500 11540 11955

co 12170 12140 12185 12585 12410 12590 12700 12730

14100Pr
AB 13130 13945 13980 12760 13030 13180 13225
RA3 13550 13015 13365 13600 13610
13800Pr

op 14215 14420 14500

¢II 14100 14100 14750 15060 15180

CA 14400 15300 15590 15640

A 15640 15760 16080

D 15545 1b225 16610 16740
LB 17810

™ 14433 1441s 14407 15217 15756 14640 15449 16754

REF. EL. ISRELATIVE TO MEAN SEA LEVEL (FT.); ALL DEPTHS ARE MEASURED IN FEET BELOW REF. EL.



TABLE C.3 {Cont'd) PAGE 41 OF 43

SANDIA NATIONAL LABORATORIES
WEEKS ISLAND GEOLOGICAL CHARACTERIZATION

SUMMARY OF NELL LOG INTERPRETATIONS

WELL NAHE SHO4 SKOL SHol SM02 SHO3 SPO1 Spg2 SP03
REF. EL. 17 19 17 15 15 15 15 25
SYMBOL
TL 3040 120 120 120 2524 121 121 3017
cs 170
cc 200
Wi 220 235 230 220 230
2c 350 340 345 340 410
630 550 575 625 640
850 590 380 845 395
| 1215 1140 1120 1160 1130
P 1395 1250 1260 1490 1420
KA 1880 1510 1920 1630 1350
NE 2240 2260 2265 2250 2250
TP 2510 2815 2820 2830 2740 2750
P 4270 4280 4280 3450 4350 4335 3580
HIoO 4000 5730 5400 5570 3850 5845 5840
G265F400 £290F 300
L 8275 230 8320 8230 8450 8460 7525
2L 2090 9240 5000 8545 5020 5330 9345 ""340
2 5830 10110 9700 5640 5700 10155 10190 10185
10825F900
W 10645 10440 10345 10440 11045 1118 11140
BH 11250 108%5 10595 11000 11730 11805 11845
CI 11575 11125 11210 11130 11940 11525 11980 12050
BS 11925 11445 11535 12420 12730 12600
o 12620 11970 11520 11790 13240 13440 13450
AB 13052 12535 13430 13500 13630 13710 14760 13730
R43 13440 13040 13510 15150 14140
15250F 300
114 14275 13450 14480 15340 14540
CII 14870 14320 15150 15875 14920
CA 15375 14450 141s0 15480
HA 15700 15510
SD 16240
1)) 17048 15541 14235 1355s 14127 15201 16077 15553

REF. EL. 15 RELATIVE To MEAN sea LeveL {FT.); aLL pepTHs ARE MEASURED in FEETBELOW REF. EL.



TABLE C.3{Cont’d) PAGE 42 {F 43

SANDIA NATIONAL LABORATORIES
WEEKS ISLAND GEOLOGICAL CHARACTERIZATION

SUMMARY OF WELL LOG INTERPRETATIONS

WELL NAME sT01L Swot He0! 602 Wea3 Wa04 HG0S Wels
REF. EL. 19 19 19 27 20 25 19 27
SYMBOL
L 120 115 123 3040 3005 2993 3009 3004
W 230 210 240
2 375 340 360
A 530 580 580
835 500 515
I 1125 1170 1140
P 1250 1345 1310
KA 1855 1810 1910
NE 2250 2215 2200
P 2830 2880 2540
WP 4240 3450 4640 4360 4250
HI0 5600 6010 6000 6040 6010 r-050
5150F200
L 7520 8020 7085 8400 7440 7710 7740 8500
21 5005 5230 5260 3210 5240 5305 9240 9350
2 5475 10170 10010 9930 10010 10040 3940 108%5
W 10405 11215 10810 10830 10820 10855 10740 10920
BH 10970 11850 11420 11430 11430 11470 11350 11505
1 11150 12255 11760 11750 [1S25 11820 11640 11898
85 11515 12730 12160 12200 12185 12210 12015 12305
Co 11505 13400 12730 12640 12740 12750 12590 12500
AB 12580 13290 13450 13350 13350 12890 13480
R43 14020 13620 13755 13665 13710 13165 13785
15250F1750
0p 14520 14750 14580 14600
CII 14340 15430 15015 15220 13890 15250
CA 14030 15440 15580 15730 15745
15700Pr 15770Pr
MA 16010 16340 16095 16080 16250
i) 15400 14615 17100 14435 16700 14845 14560
PP 17510 14940
LB 15405
19120py
™ 1414s 13841 17784 20430 14587 17247 15742 17581

REF. EL. 1S RELATIVE To MEAN SEA LEVEL (FT.); ALL DertHs ARE MEAsURED IN FEeT BELOW REF. EL.



TABLE C.3{Cont'd) PAGE 43 OF 43

SANDIA NATIONAL LABORATORIES
WEEKS ISLAND GEOLOGICAL CHARACTERIZATION

SUMHARY OF WELL LOG INTERPRETATIONS

WELL NAME XB02 XB03
REF. EL. 24 23
SYMBOL
TL 4133 4505
L $960
2L S525 9040
2 3615 10100
W 10860 11115
BH 11410 11750
Cl 11650 12070
BS 125350 12530
o 12980 13120
AB 13770 13505
R43 14150 14520
14930Pr
CII 15180
A 16590
SD 17150
1D 17311 14994

REF. EL. IS RELATIVE TG MEAN SEA LEVEL (FT.}; ALL DEPTHS ARE HEASURED IN FEET BELOW REF. EL.



TABLE C. 4

SUMVARY OF SHALLOW BORI NGS OVER
WEEKS | SLAND SALT DQOVE

Table C.4 is primarily a tabulation of the salt exploration
bori ngs over the salt done. Borings that are listed as NOT
SHOW, were not |ocated by Mrton. The table al so includes
borings nmade for testing and grouting purposes as well as the
SPR fill and vent hol es. For each boring signified by the My
| ease synbol and a boring nunber, the following information is
gi ven:

- Oiginal boring nunber or reference nane.

- North and east coordi nates based on the Louisiana Coordi nate
System (ft).

- Source or operator of the boring.

- Reference elevation in feet above Mean Sea Level.

- Depth to top-of-salt, if any, in feet below reference
el evati on.

If information fromthe boring was used in this study.



BORING
NUMBER

ORIGINAL
BORING NO.

TABLE C.4

SANDIA  NATIONAL  LABORATORIES

REEKS ISLAND GEOLOGICAL CHARACTERIZATION

SUMMARY OF SALT EXPLORATION BORING
OVER WEEKS ISLAND SALT DOME

COORDINATES

EAST

NORTH

SOURCE

REFERENCE
ELEVATION

TOTAL
DEPTH

DEPTH
T0 SALT

PAGE 1 OF 3

USED FOR
STUDY

NOT  SHOWN
NOT SHOWN
KY16
w17
HY18
HY19
Hy20
HY21
Wy22
NOT  SHOWN
NOT  SHOWN
HY25
NOT  SHOWN
NOT  SHOWN
NOT  SHOWN
NOT  SHOWN
NOT  SHOWN
NOT  SHOWN
HY32
NY33
HY34
HY35
HY36
HY37
NOT  SHOWN
NOT SHOWN
HY4o
HYal

O -4 O U1 B~ W N —

LW WWWIWWOoOWWRRNMNDRNRMNOMNRNRNRNR & b b b b s
O oo 1 O Ol B W MNP OWwOo 4o gl WwhNhEFE O o 1o Ul & W ko o

40
41

1852685
1853402
1849101
1847065
1847579
1846990
1846585
1847438
1848700
1849618
1848731
1848398
1849784

1849087
1849816
1848891
1848481
1848975
1848800
1848402

1848089

1846313
1848186
1848340
1848592
1848331
1848573

1848651
1848861

414235.8
414090.7
418733.0
418554.6
418712.9
419128.4
418041.5
417810.0
416942.5
416491.4
416443.6
415280.1
414742 .7

413833.4
413728.7
412991.9
412962.4
413364.4
413367.3
413580.6

413718.4

413229.2
414688.2
414637.5
414590.7
414158.1
413928.6

414284 .4
4142923

BILLINGSLEY
BILLINGSLEY
BILLINGSLEY
BILLINGSLEY
BILLINGSLEY
BILLINGSLEY
BILLINGSLEY
BILLINGSLEY
BILLINGSLEY
BILLINGSLEY
BILLINESLEY
BILLINGSLEY
BILLINGSLEY
BILLINGSLEY
BILLINGSLEY
BILLINESLEY
BILLINGSLEY
BILLINGSLEY
BILLINGSLEY
BILLINGSLEY
BILLINGSLEY
BILLINGSLEY
BILLINGSLEY
BILLINGSLEY
BILLINGSLEY
BILLINGSLEY
BILLINGSLEY
BILLINGSLEY
BILLINGSLEY
BILLINGSLEY
BILLINGSLEY
BILLINGSLEY
BILLINGSLEY
BILLINGSLEY
BILLINGSLEY
BILLINGSLEY
BILLINGSLEY
BILLINGSLEY
BILLINGSLEY
BILLINGSLEY
BILLINGSLEY

74
71
40
25
47
48
61

43

10
49
69
81
56
45

81
80

158
745
145
162
228
210
165
160
160
150
110
169
177
216
212

88
Al
919
123
107
141

97
101

138
145

275

205
147
618

162
195

145
145
616

210
165
160

130
110
169
177
216
212

88
121

123
107
141

97
101

138
145

< < =Z==~<~<< << <=Z=Z==Z==Z===<===<<-<-<-—<-—<—<=Z===<=<=<=<=<=<=<=<=<=<=< < <

GEOLOGICAL CORRELATIONS HADE FROM DRILLERS™ LO6S; SEE TABLE €.3A FOR LO6 INTERPRETATIONS



BORING
NUMBER

ORIGINAL
BORINGNO.

TABLE C.4

SANDIA  NATIONAL  LABORATORIES

WEEKS ISLAND  GEOLOGICAL CHARACTERIZATION

SUMMARY OF SALT EXPLORATION BORINGS

OVER WEEKS

COORDINATES

SOURCE

ISLAND SALT DOME

REFERENCE
ELEVATION

TOTAL
DEPTH

DEPTH
T0 SALT

PAGE 3 OF 3

USED FOR
STUDY

............................................................................................................

HY136
HY137

83
84
TEST HOLE 1
TEST HOLE 2
TEST HOLE 3
TEST HOLE 4
H102
K101
24
21
FILL HOLES
1 and2
VENT HOLE
GROUT #2
81
B2
83
B4
85
87
11
12
13
14
15
16
17
18
19
20
22
23
GROUT #1
GROUT 34
GROUT #3
GROUT #6
GROUT #7
GROUT #8
GROUT #18
GROUT tH

EAST NORTH
1848551 418415.0
1848363 419027.6
1846240 415730.0
1846100 416260.0
1845710 416870.0
1846010 416900.0
1848210 414358.1
1848089 415220.3
1847523 415785.7
1847537 415261.8
1850102
1849328 414526.7
1847787 415140.0
NEAR PRODUCTION SHAFT
NEAR PRODUCTION SHAFT
NEAR PRODUCTION SHAFT
NEAR PRODUCTION SHAFT
NEAR PRODUCTION SHAFT
NEAR PRODUCTION SHAFT
1847483 415843.0
1847573 415843.0
1847573 415753.0
1847483 415753.0
1847528 415663.0
1847528 415528.0
1847528 415393.0
1847463 415321.8
1847593 415321.8
1847593 415191.8
1847728 415226.0
1847922 415155.0
1847805 415083.0
1847799 415111.0
1847766 415089.0
1847919 415128.0
1847802 415098.0
1847864 415084.0
1847806 415089.0
1847853 415103.0

BILLINGSLEY
BILLINGSLEY
HORTON
HORTON
HORTON
HORTON
ACRES
ACRES
HCCLELLAND
MCCLELLAND

413672.8 FENIX $ SCISSON

FENIX § SCISSON
FRONTIER ~ KEHPER
SOIL TEST ENG.
SOIL TEST EN6.
SOIL TEST ENG.
SOIL TEST ENS6.
SOIL TEST ENG.
SOIL TEST ENG.
HCCLELLAND
HCCLELLAND
HcCLELLAND
HCCLELLAND
HcCLELLAND
HCCLELLAND
HcCLELLAND
McCLELLAND
HcCLELLAND
HcCLELLAND
HCCLELLAND
HCCLELLAND
FRONTIER  KEHPER
FRONTIER  KEHPER
FRONTIER  KEHPER
FRONTIERKEMPER
FRONTIERKENPER
FRONTIER  KEHPER
FRONTIER  KEHPER
FRONT IERKEMPER

62
53
7
15
25
15
53
75
65
48

76
95
50
74
74
75
75
76
76
70.3
67.5
61.1
63.4
57.2
53.7
50.9
47.3
55.8
655
59.2
53.1
50
50
50
52
50
52
50
52

163
157
147
145.4
60
60
60
146.5
148
150.5
60
60
230
195
177
180
210
165
160
155

157

153

143
145.4

142.5
148
148

150
151
152
155
160
145
149
145

-~ < =< =< =< < < < < <
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GEOLOGICAL CORRELATIONS HADE FROM DRILLERS® L0GS; SEE TABLE C.3A FOR LO6 INTERPRETATIONS



TABLE C.4

SANDIA  NATIONAL LABORATORIES

WEEKS ISLAND GEOLOGICAL CHARACTERIZATION

SUMMARY OF SALT EXPLORATION BORINGS
OVER WEEKS ISLAND SALT DOME

TOTAL
DEPTH

145
160
145
176
134
13
275
435
199
190
185
159
208
182
194
253
255
137
143
187
160
217
270
976
327
414
262
280
650
169
211
160
160
205
235
192

DEPTH
T0 SALT

145
160
145
176
134
131
275
435
197
190
181
157
206
182
194
251
253
137
142
187
158
217
270

327
414
262
628

169
211
160
160
205
235
192

PAGE 2 OF 3

USED FOR
STUDY

BORING ORIGINAL COORDINATES REFERENCE
NUMBER  BORING NO. EAST NORTH SOURCE ELEVATION
Hy42 42 1848292 413926.1 BILLINGSLEY 69
HY43 43 1848331 415068.9 BILLINGSLEY 85
Hya4 44 1848636 414897.5 BILLINGSLEY 7
NOT  SHOWN 45 BILLINGSLEY
NY46 46 1848828 413895.6 BILLINGSLEY 66
w47 47 1847773 415033.6 BILLINGSLEY 58
HY48 48 1847735 414393.7 BILLINGSLEY 36
HY49 49 1849164 416224.2 BILLINGSLEY 99
HYs0 50 1850830 414966.9 BILLINGSLEY 52
WSt 51 1847837 416044.6 BILLINGSLEY 47
Y52 52 1847016 414552.9 BILLINGSLEY 25
HY§3 53 1846535 414535.9 BILLINGSLEY 24
KY54 54 1849312 415646.8 BILLINGSLEY 138
HY55 55 1850274 415884.3 BILLINGSLEY 132
HYs6 ~ 56 1849599 415641.0 BILLINGSLEY 130
NY57 57 1850715 414332.8 BILLINGSLEY 102
Y58 58 1850691 413648.0 BILLINGSLEY 89
HY59 59 1850154 414008.2 BILLINGSLEY 94
HY60 60 1850143 413601.0 BILLINGSLEY 73
HYé1 61 1850625 413250.3 BILLINGSLEY 66
W62 62 1846855 414883.6 BILLINGSLEY 27
NY63 63 1847238 415196.3 BILLINGSLEY 55
HY64 64 1847483 415512.6 BILLINGSLEY 59
KY65 65 1847001 416679.0 BILLINGSLEY 28
HY66 66 1848102 416703.4 BILLINGSLEY 86
Y67 67 1848567 418692.2 BILLINGSLEY 50
KYeé8 68 1851389 417448.9 BILLINGSLEY 49
K169 69 1855669 414978.1 BILLINGSLEY 10
NY70 70 1851790 4174548 BILLINGSLEY 36
HY71 1 1852162 418773.2 BILLINGSLEY 30
W72 72 1851873 416763.3 BILLINGSLEY 30
K173 73 1853004 417450.1 BILLINGSLEY 34
H174 74 1854277 417192.2 BILLINGSLEY 10
UT75 75 1849478 414110.5 BILLINGSLEY 82
NY76 76 1849168 413502.6 BILLINGSLEY 49
NY77 7 1847417 414763.3 BILLINGSLEY 47
HY78 78 1847316 415895.8 BILLINGSLEY 72
NY79 79 1848215 417638.1 BILLINGSLEY 70
* HY80 80 1851040 415700.2 BILLINGSLEY 41
HYgl 81 1851163 413873.0 BILLINGSLEY 101
w2 82 1849142 417218.5 BILLINGSLEY 73

GEOLOGICAL CORRELATIONS MADE FROM DRILLERS® LOGS; SEE TABLE €.3A4 FOR LO6 INTERPRETATIONS

163

163

~~ < <—<—<<—<—<—<—<—<—<—<—=<—=<—=<—<—=<=<=<=<-=<=<=<=€=<-=<-=2<=<-=<-=<-=2<-=<=2=€=<-=<-=<@2=2-=<-=< <



TABLE C. 5

SUWARY OF DRILLERS' LOGS | NTERPRETATI ON

Table C. 5 sunmarizes geologic interpretations of borings |isted
in Table c.4, Summary of Shallow Borings. The depths to each
stratigraphic wunit are neasured in feet below the well
reference elevation (REF. EL). The stratigraphic synbols are
di scussed in Section 4.3 and sunmarized in Table 5.1. The
foll owi ng additional synbols are used:

- 275TS: At 275 ft below the reference elevation, salt was
encountered (Top-of-Salt).

- 189GY: At 189 ft below the reference elevation, gypsum
was encount er ed.

In addition, the words: wood, void, shells, rock, and shale
are used to describe materials encountered during boring. At
the bottom of each colum, the total neasured depth (TD) of
each boring is listed in feet below reference el evation.



TABLE C.5

SANDIA  NATIONAL  LABORATORIES

WEEKS I SLAND GEOLOGICAL CHARACTERIZATION

SUMMARY OF INTERPRETATIONS FROMDRILLERS” LOGS

WELL NAME

PAGE 1 OF 6

............................................................................................................

SYMBOL
CL
S6
CL

D

245

175

218

HELL NAME

150

385

110

............................................................................................................
............................................................................................................

SYHBOL
CL
56
CL

0

REF.

180TS
180

180

145TS
745

145TS
145

162TS
162

EL. IS RELATIVE TO MEAN SEA LEVEL (FT); ALL DEPTHS ARE MEASURED IN FEET BELOW REF. EL.



TABLE C.5 PAGE 2 OF 6

SANDIA  NATIONAL LABORATORIES
HEEKS | SLANDGEGLOGICAL CHARACTERIZATION

SUMMARY OF INTERPRETATIONS FROMDRILLERS” LOGS

HELL NAHE
HY19 NY20 a1 HY22 HY25 K32 HY33 HY34
REF. EL. 25 47 48 61 43 10 49 69
SYMBOL
CL 0 0 0 0 0
A 18 16
Sé 60 0 0 23 19
CL 150
210TS 165TS 160TS 11078 12318 107TS
D 228 210 165 160 110 919 123 107
HELL NAME
NY3% NY36 w37 HY40 Y4l HY42 HY43 HY44
REF. EL. 81 56 45 81 80 69 85 7
SY HBOL
CL 0 0 0 0 0 0
SA 45
56 0 8 33 46 15 18
CL 86 135 136 109 131 105
SA 100 125
CL 135
14175 97TS 10178 138TS 145TS 11278 13978 14778
1D 141 97 101 138 145 112 139 147

REF. EL. IS RELATIVE TO MEAN SEA LEVEL (FT); ALL DEPTHS ARE MEASURED IN FEET BELOW REF. EL.



WEEKS

TABLE C.5

SANDIA  NATIONAL  LABORATORIES

ISLAND GEOLOGICAL CHARACTERIZATION

SUMMARY OF INTERPRETATIONS FROMDRILLERS” LOGS

HY48
36

HELL NANE

Y49
99

PAGE 3 OF 6

............................................................................................................

SYNBOL
CL
S6
CL

0

145TS
145

160TS
160

14518
145

174
176TS
176

NELL NANE

134TS
134

13178
131

275TS
275

435TS
435

............................................................................................................

SYMBOL
CL
HI

A
S6

0

13

197TS
199

12
18961

19018
190

10

181TS
185

16

157TS
159

21

206TS
208

17

182TS
182

25

122100D

126

191V0ID

194TS
194

67
248GY

251TS
253

REF. EL. IS RELATIVE TO MEAN SEA LEVEL (FT); ALL DEPTHS ARE MEASURED IN FEET BELOW REF. EL.



WEEKS

ISLAND GEOLOGICAL CHARACTERIZATION

TABLE C.5

SANDIA  NATIONAL LABORATORIES

SUMMARY OF INTERPRETATIONS FRON DRILLERS” L0GS

HELL NAME

HY65
28

HY66
86

w167
50

Y68
49

PAGE 4 OF 6

............................................................................................................
............................................................................................................

SYHBOL
CL

6

S6

L]

18
24961

253TS
255

16
1346Y
135v01D

13778
137

14278
143

19
1866Y

187TS
187

WELL NAME

NY73
34

158TS
160

HY74
10

20SHELLS

80

21718
217

52

262V01D

270TS
270

93

267H00D
269

976

D i e e L L T T e T e

SYMBOL
CL
SE

0

262TS
262

650

REF. EL. 1S RELATIVE TO MEAN SEA LEVEL {FT}; ALL DEPTHS ARE MEASURED IN FEET BELOW REF. EL.



WEEKS

TABLE C.5

ISLAND GEOLOGICAL CHARACTERIZATION

SANDIA  NATIONAL LABORATORIES

SUMMARY OF INTERPRETATIONS FROM DRILLERS” LOGS

HY78 W79
72 70

PAGE 5 OF 6

............................................................................................................
............................................................................................................

SYHBOL
CL
A
CL
56

70

16075 205718

163718

163

2047

204

25373

801

317TS
300ROCK
308SHALE
328

SYMBOL
CcL
2c

A
S6
CL

70

160 205
HY86 He?
15 25
10 18
45 120
359TS 80178
385 806

HELL NAME
NY80 81
4 101
235TS 19215
235 192
HELL NAME
#Y88 HY90
15 53
0
90
0
88
305TS 93.5T1S
341 98

12

162.518
183

123

149TS
169

14315
144

197TS
197

REF. EL. IS RELATIVE TO MEAN SEA LEVEL (FT); ALL DEPTHS ARE MEASURED IN FEET BELOW REF. EL.



TABLE C.5 PAGE 6 OF 6

SANDIA  NATIONAL LABORATORIES

WEEKS  ISLAND GEOLOGICAL CHARACTERIZATION

SUMMARY OF INTERPRETATIONS FROMDRILLERS" LOGS

HELL NAME
HY95 HY9% NY130 HY131 HY132 NY133 NY134 HY135
REF. EL. 95 50 50 50 50 52 50 52
SYNBOL
S 150 148 149 150 153
19718 15218 150TS 15178 152TS 155TS 16018 14578
D 197 172 230 195 177 180 210 165
-
HELL NAME
HY136 HY137
REF. EL. 50 52
SYMBOL
149TS 145TS
D 160 155

REF. EL. 15 RELATIVE To MEAN SEA LevEL (FT); ALL DEPTHS ARe MEASURED N FEET BELOW REF. EL.



